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| ___ _jOU HAVE ALL heard of certain avaricious 
individuals who under various pretexts and 
subterfuges manage to avoid the rules of the 
NRA with respect to working hours. Well, 
here is a most brazen example of this sort of 
thing and we hope General Johnson sees this picture 
so he can do something about it. True, we haven’t 
heard of a ‘‘Watchman’s”’ code yet, but that doesn’t 
mean anything—there are lots of things we haven’t 
heard about though we don’t always admit it. How- 
ever, code or no code, here we have a picture of a 
watchman in action, one who insists upon working 
not only 8 or 10 hr. a day but 24! Just think of it, 
24 hr. a day, seven days a week! Can you imagine 
anything like that, patriotic reader? No? Well, neither 
could we until we saw this picture, but here is the in- 
controvertible evidence. 

For your benefit, we have put a circle around the 
watchman. There he sits, firmly rooted to his job by 
a number of steel bolts, watching the commutator of 
the converter for flashovers. When a flashover starts 
to occur, it is his duty to cut the power off and shut 
the machine down. Rather monotonous, don’t you 
think, but not for a photoelectric tube with only a 
vacuum in its head. 

All joking aside, this is a remarkable example of 
what a vacuum tube can accomplish. This cell, en- 
closed in a steel protective housing, is so arranged 
that light from a flashover on the commutator enters 
the photocell and causes it to actuate relays which in 
turn open the main power circuit to the machine. Thus 
the instant a flashover occurs the machine is shut down 
preventing serious damage. 

In itself this application is quite simple but the 
truly remarkable thing about it is the speed at which 
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the action takes place. So 
rapid and so sensitive is 
this arrangement that it 
acts to suppress the flash- 
-over before the eye can dis- 
cern any evidence of flash- 
over. The cell sees the 
flashover in its most incipi- 
ent stages. 

This is only one of many 
possible applications of the 
vacuum tube in the power 
industry, in fact the possi- 
bilities are almost unlim- 
ited. Every day new uses for this marvelous device are 
being found and scarcely a week goes by without the 
development of a new type of tube. 

It is natural that to many engineers, this new de- 
vice should possess an element of mystery and that they 
hesitate to attempt its application in their own plants. 
It is something with which they never have had ex- 
perience, as a consequence, they tend to avoid it. 

It is unfortunate that this is so for in reality the 
vacuum tube, though complex from a theoretical stand- 
point, is quite easy to understand, practically. To prove 
this assertion, we are presenting in this issue the first 
of two articles on vacuum tubes written entirely from 
the standpoint of the practical man and devoid of all 
complexity. Read them. You will find them most in- 
teresting and we feel certain that they will dispel some 
of the mystery which surrounds this newest tool of the 
electrical engineer. 

There is another article in this issue which deals 
with a subject that to many perhaps is even more 
mysterious than the subject of electron tubes. We 
refer to the article on page — discussing the ‘‘state 
surface of steam.’’ What on earth is meant by the 
‘‘state surface of steam’’? As a matter of fact we 
didn’t know that steam had any surface. All the 
specimens that we have examined have been so char- 
acterized by volume that we never stopped to look 
at its surface. But as we said before, the mere fact 
that we had not heard about it doesn’t mean any- 
thing and so we can inform you now with very perfect 
assurance that we know what we are talking about, 
that steam has a surface—a state surface to be cor- 
rect. There was not room on this page to show you 
a picture of it but if you will turn to page 172 you 
will actually find a picture of the state surface. 
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Hidden Opportunities for Savings 

WE ONCE HEARD of a manufacturer worth sev- 
eral millions of dollars by virtue of an inheritance, 
who, when he noticed that the whistle at one of his 
factories blew rather a long time at noon, calculated 
(with assistance, no doubt) the cost of the steam 
involved and deducted this from the engineer’s salary. 
Whereupon he boasted of his ability as an executive. 

This incident which we have good reason to be- 
lieve actually occurred, unfortunately is typical of 
many people’s attitude in regard to saving money. 
It is quite likely that in this same manufacturer’s 
plant there were dozens of places where there were 
losses equal to many times those incurred by the 
whistle but since they were less obvious to his sim- 
ple mind were permitted to continue unrestricted. 
Furthermore, it is also likely that if some of these 
less obvious losses had been directed to his attention 
by his engineer he still would have ignored them 
because of his inability to understand the engineer- 
ing principles involved and his inherent distrust of 
technical matters. 

This perhaps is an extreme case and it is reason- 
able to suppose that no amount of logical argument 
could influence the eccentric mental processes of that 
type of mind, but there are no doubt many instances 
where executive opposition can be overcome to a cer- 
tain extent by the presentation of facts in suitable 
form. This has always been, and probably always 
will be, the major problem confronting the power 
plant engineer—that of explaining to executives in 
non-technical terms opportunities for saving money 
based on engineering study. 

Today in the power plants throughout the nation 
there are enormous opportunities for reducing the 
cost of power. There are thousands of plants of small 
and moderate capacity using equipment which though 
perhaps in good operating condition and apparently 
producing revenue, is nevertheless a financial burden 
because of obsolescence. Just because a machine, or 
a plant, continues to operate with little or no trouble 
is no indication that it is economical. In one instance 
which we described in these pages recently there had 
not been a single power or mechanical interruption 
due to failure of equipment in the power plant for a 
period of over 13 yr. Yet when this plant was rebuilt, 
substituting modern equipment for the old, the oper- 
ating cost for a period of 5144 months decreased from 
$80,906 to $45,671, a gross saving of $35,235. 

What was possible at this plant is possible to 
greater or less degree in thousands of other plants. 
Power, it must be remembered, is a commodity that 
is produced continually, usually without interruption, 
24 hr. a day, six or seven days a week and even ap- 
parently minute reductions in unit costs over a long 
period of time pile up astonishing savings. 

Such opportunities for effecting savings are not 
obvious._An executive cannot find them by listening 
to the whistle or looking at the stack. It is only 
when the engineer directs his attention to them, in 
terms that he can understand, that he becomes suf- 


ficiently interested to issue the necessary executive 
authority to have them put in effect. This involves 
more than mere technical knowledge on the part of 
the engineer, it involves salesmanship, and diplomacy 
as well, but unless the engineer possesses the neces- 
sary technical knowledge, the other two attributes 
don’t count for much. His first job is to find these 
hidden opportunities for saving. 


U.S. S. R. Favors American Engi- 
neers and Equipment 


THE ESTABLISHMENT of normal relations be- 
tween the Soviet Union and America opens up broad 
commercial possibilities for American manufacturers 
of machinery and equipment. Such opportunities, it 
is true, have existed for the past ten years or more 
and a number of American firms taking advantage 
of these opportunities have profited handsomely 
despite the absence of normal political and economic 
relations, but now that normal relations have been 
resumed, the opportunities for close commercial rela- 
tions are greater than ever before. 

Soviet engineers favor American methods and 
equipment. In a recent article in the Russian news- 
paper ‘‘Technique’’ Engineer A. Zaviniagin, who is 
at present superintendent of the Magnitogorsk Com- 
bine, gives high praise to American methods and his 
dealings with American engineers. Referring specifi- 
eally to the well known group of American engineers 
of the Freyn Engineering Co., who supervised the 
erection of nearly all of Russia’s new giant steel 
plants, Zaviniagin says, ‘‘To work with Americans is 
a real pleasure. Broad engineering experience, an 
understanding of the high scale of reconstruction of 
Soviet ferrous metallurgy, a splendid knowledge of all 
the details of metallurgical operation, an excellent 
orientation to our conditions, and an attitude of full 
mental understanding between ourselves and the 
American specialists—this is the style of the American 
engineers. Not accidentally have American engineers 
become in a short time real friends of our workers.’’ 

In view of the fact that the development of indus- 
trial Russia has scarcely begun, this expression of 
opinion by this Soviet official is of considerable sig- 
nificance. What is true of the steel industry regarding 
magnitude and efficiency of American technique is 
equally true of other industries, including the power 
industry. In future years there will be an increasing 
demand for power in Russia and to those American 
manufacturers who have the foresight to establish 
effective codperation with the Soviet engineers will 
go the opportunity of building plants and selling 
equipment. The fact that the Soviet engineers are 
pleased with American methods and design places our 
industries at a distinct advantage with respect to 
European manufacturers. The success of the Freyn 
Engineering Co. in the development of the Russian 
steel industry can be duplicated in other industries 
by those who have the necessary foresight and initia- 
tive. 
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ODERNIZATION of a power plant often in- 
volves engineering problems which are more 
difficult of solution than those connected 
with the design of new plants. There are 
several reasons for this; in the first place, in 

rehabilitating an old plant it is usually necessary to 
maintain at least partial service while the work of 
modernizing is in progress. This always brings up 
problems which demand skill and resourcefulness in 
their solution and which often call for unusual meas- 
ures. Secondly, the rehabilitation of an old plant in- 
vites a most interesting comparison between existing 
old equipment and the new. It provides a very defi- 
nite measure of progress in engineering and equip- 
ment design. 

For these reasons the recent rehabilitation of the 
city pumping station in the City of Newton, Massachu- 
setts, just outside of Boston, is of considerable interest. 
It is one of the most interesting instances of modern- 
ization we have seen and one which from the stand- 
point of improved efficiency fully justified the expense 
involved. 

Newton is an important suburb of Boston. It is 
almost entirely residential and has a population of 
about 70,000. Since the homes are those of the well- 
to-do class, the demands for water are considerable 
and a high quality of service must be maintained. 

Until about a year ago these water requirements 
were met by the old Needham Street Pumping Station. 
This station consisted of two pumping engines, one a 
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The Newton Pumping 
Station as it appears 
today. 


vertical Barr unit of 5,000,000 gal. capacity, about 28 
yr. old, and the other a Worthington, horizontal 
direct acting pump: over 50 yr. old. These machines 
were supplied with steam by two 300 hp. firebox type 
boilers, hand fired and about 42 yr. old. With these 
boilers and engines, at no time did the total capacity 
of the station exceed 5,000,000 gal. per day. A view of 
the old pump room with the Barr engine in the fore- 
ground and the Worthington unit at the right is shown 
in Fig. 1. Contrast this picture with the one of the 
new pump room shown in the illustration at the head 
of this article and you will see what rehabilitation 
really means. 

For these two views are of the same room, before 
and after. The building itself was practically un- 
changed. The same walls and roof lowered 10 ft. from 
original position serve the new station as they did the 
old. The old pump room floor was removed, however, 
and the present floor of the pump room is in reality the 
basement floor of the old plant. This accounts for the 
difference in level of the windows evident in the two 
photographs. In the boiler room, the floor was lowered 
about a foot. The roof of the boiler room is supported 
on two timber trusses dividing the width of the build- 
ing into three equal bays. The headroom under these 
trusses of 1814 ft. was not sufficient to accommodate 
the new boilers so the arrangement adopted was to 
locate one boiler in each outside bay and to locate the 
auxiliary equipment in the central bay. This arrange- 
ment will be described in more detail later. 
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MODERNIZATION OF NEWTON 
PUMPING STATION INCREASES 


CAPACITY AND EFFICIENCY 


The old pumping units have been replaced by three 
turbine-driven centrifugal units, each of different 
capacity but of identical design. The pumping ratings 
of these units are as follows: 


4,250,000 gal. per day 
6,000,000 gal. per day 
8,000,000 gal. per day 


These machines are of rather unusual design. Each 
unit consists of a condensing, extraction type turbine, 
a reducing gear, an alternating current generator, a 
direct current exciter and two centrifugal pumps con- 
nected in series, all on one shaft. They are of De Laval 
manufacture, and as- 
sembly though the elec- 
trie generators and ex- 
citers were supplied by 
the Electric Mach. Mfg. 
Co. The size of the 
pump units vary, but 
generators on the three 
units are all alike. They 
are 250 kv-a. generators, 
wound for 4000 v. 60 
cycle 3 phase. 

The reason for this 
arrangement lies in the 
fact that this pumping 
station is not located 
directly at the source 
of supply. The water 
is obtained mostly from 
two large dug wells at 
the water works reser- 
vation about two miles 
from the pumping 
plant. It is to oper- 


FIG. 1. 


In the foreground is sh 


THE OLD STATION BEFORE REHABILITATION 
This is the same room shown in the 
wn the vertical Barr Pu 

at the right “the Worthington horizontal. 


ate the motors driving these well pumps and also two 
flooding pumps that the generators are provided. Cur- 
rent generated at 4000 v. is transmitted directly at this 
voltage to the reservation where it is delivered to the 
pumps. For station use the voltage is reduced to 110 
and 220 for lighting and for motor driven auxiliary 
service. 

The three pumping units are all geared down to a 
speed of 1200 r.p.m. The turbine speed of one of the 
machines is different from the other two, however. This 
is the smallest unit (No. 1) which has a speed of 5980 
r.p.m. whereas the two larger machines run at 6060 
r.p.m. The turbines are 9 stage, De Laval, extraction 
units, taking steam at 
230 lb. gage and with 
125 deg. of superheat 
and exhausting into 
surface condensers 
operating at a 29 in. 
vacuum. Unit No. 1 is 
rated at 600 brake 
horsepower, No. 2 at 
775 b.hp. and No. 3 at 
1000 b.hp. 

The turbines ex- 
haust into Foster- 
Wheeler waterworks 
type surface condens- 
ers, located in the 
suction piping, and 
equipped with steam 
ejector type air pumps 
which are fitted with 
inter and after surface 
condensers. All the 
water handled by the 
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the turbine condensers. Feedwater for the boilers is 
used as cooling water in these inter and after con- 
densers, thus reclaiming some of the heat in the steam. 
Schutte-Koerting water eductors evacuate the con- 
densate, thus providing a complete condensing sys- 
tem without moving parts. 


CoMPLETE INSTRUMENT EQUIPMENT AND SWITCHBOARD 
HEup CONTROL THE OPERATION OF THE PLANT 


As may be seen from the photographs, the machines 
are installed parallel to each other and despite the 
difference in size present practically the same appear- 
ance. In the center of the room may be seen the switch- 
board, set in a recess in the tile wall and with the high 
voltage apparatus in a room directly in back. This 
board was supplied by the Electric Mach. Mfg. Co. and 
consists of five panels, three main generator panels, one 
feeder panel to the reservation district where the well 
pumps are located and finally a feeder panel for station 
service. A synchronoscope is mounted on a swinging 
panel at the right of the board. This switchboard is of 
most modern design, having square cased meters, and 
remote, electrically controlled oil circuit breakers. 

Another panel in the pump room contains the instru- 
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FIG. 2. PLAN AND ELEVATIONS SHOWING 
ARRANGEMENT OF EQUIPMENT 


PUMPS IN SERIES 
& AFTER COND. 


ments for the turbine driven pump units. These instru- 
ments consist of the usual steam pressure gages for 
main steam and bleeder steam respectively, a vacuum 
gage, an absolute pressure gage, water discharge pres- 
sure gage, a recording static pressure gage and a suc- 
tion vacuum gage. These with the exception of the 
Crosley recording gage are Ashton instruments. A 
Frahm vibration type frequency meter is mounted 
directly on each of the three turbines. 


INTERIOR FrntsH Apps To ATTRACTIVE APPEARANCE 


So much for the turbine-pump room, though a word 
or two here may be said of its general appearance. It is 
finished attractively, the walls being surfaced with buff 
acoustical plaster and with a mottled buff tile wains- 
coting extending to a height of approximately ten feet 


‘from the floor. The latter is red tile. The entire room 


possesses an atmosphere of brightness and cleanliness 
that contrasts greatly with that which existed before 
the modernization took place. 

The new boiler plant consists of two 2500 sq. ft. 





Erie City cross drum, straight tube, water tube boilers 
equipped with Foster Wheeler superheaters giving 
from 125 to 175 deg. of superheat depending upon the 
load, and fired by the Riley Atrita system of pulverized 
coal. The operating steam pressure is 240 lb. and the 
total temperature of the steam is 550 deg. which is 
200 deg. higher than the steam temperature of the 
original plant. The boilers are set 101% ft. high and are 
supported on steel columns independent of the build- 
ing. These columns were made heavy enough to carry 
the overhead bunkers and the feedwater heater as 
well as the access galleries at the sides and top of the 
boiler. The entire floor space was thus left clear for 
equipment. 

In determining the size of boiler equipment the 
steam demand of the largest of the three turbine driven 
pumps when operating under full head and with full 
electrical load on the generator was the deciding factor. 
Each of the two new boilers has capacity for this load 
so that only one boiler is in operation at any one time, 
the second being in reserve. The full steam load on the 
boiler including the main turbine and all auxiliaries 
is between 9000 and 10,000 lb. per hr. 

The original square: brick chimney, 105 ft. high, 
was not changed and is being used with complete suc- 
cess for the new boilers. The limited draft from the 
low chimney required careful consideration, however, 
in working out the design. No attempt was made to 
secure high overload capacity from the boilers. For 
one reason, the available draft from the chimney is 
insufficient for high ratings, and also the small boilers 
and furnaces used are best suited to conservative oper- 
ating rates. When supplying the maximum steam 
demand of 10,000 lb. per hr., the boiler operates at 135 
per cent of rated capacity. 

For firing these boilers, two Riley Atrita Unit pul- 
verizers are provided, one for each boiler, but so inter- 
connected that either can be used for each boiler. These 
machines are motor driven and are located on the oper- 
ating floor in the center of the room in front of the 
boilers. Pulverized coal was chosen for this installa- 
tion in preference to oil on the basis of cost. Had oil 
been available at a price comparable with coal, oil 
would have been selected but since this was not the 
ease, coal was chosen. The station has a large covered 
coal pocket dug into the side of a hill back of the plant 
so that the coal is unloaded from an overhead gallery. 
This is the same arrangement that had prevailed before 
except that now a platform scale is installed on the 
gallery for weighing the coal as it is received. 
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FIG. 3. THE TWO NEW 250 HP. WATER TUBE BOILERS 

TOGETHER WITH THE UNIT PULVERIZERS. THE FEED 

PUMPS CAN BE SEEN IN THE MIDDLE DISTANCE UNDER- 
NEATH THE FEEDWATER GALLERY 


Coal from this storage pocket is wheeled to a coal 
hopper near the boiler room and after passing through 
a grizzly to exclude lumps, is raised to the upper part 
of the coal pocket by a bucket elevator which discharges 
to a screw conveyor. This screw conveyor in turn 
passes horizontally into the upper part of the boiler 
room where it discharges into a small hopper located 
above a Richardson coal seale, in which the coal is 
automatically weighed and discharged into the hoppers 
below. The coal conveying system is all of Jeffrey 
manufacture. There is a separate storage hopper above 
each pulverizer, below the scale. To prevent overfilling 


FIG. 4, SIDE AND FRONT ELEVATIONS OF THE BOILER ROOM SHOWING FEEDWATER HEATING AND FUEL EQUIPMENT 
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FIG. 5. DIAGRAM OF THE BOILER FEEDWATER PUMP- 
ING AND HEATING ARRANGEMENT 


the hopper above the scale, an automatic arrangement 
is provided so that when the hopper is nearly full the 
starter on the conveyor motor is tripped out and the 
entire conveying system shut down. This automatic 
feature is made use of three times a day by the different 
shift firemen in their regular filling of the bunkers. 

After being weighed, the coal is diverted by a flap 
damper into either of two storage bunkers. The shape 
of these bunkers was determined after careful study 
so that there would be a minimum of trouble due to 
the coal arching across which it has a great tendency 
to do, especially when wet. The bunkers as built have 
two adjacent sides vertical from top to bottom and the 
other two sides slope at 60 deg. from the horizontal. 
The corner between the vertical sides is rounded to a 
radius of 6 in. exactly conforming to the shape of the 
gate at the bottom. The results with these bunkers 
have fully justified the merits of this design. 

After being pulverized the coal is delivered directly 
to the burners, which are mounted in the front wall of 
the furnaces. In addition to the powdered coal burners, 
each boiler is fitted with an oil burner capable of sup- 
porting a 4000 Ib. per hr. load. This oil burning system 
is used for starting up and would also serve as an 
emergency method of firing in case of need. 

The boilers are well equipped with all necessary 
accessories for insuring efficient operation. They are 
provided with CO, recorders, uptake pyrometers, mul- 
tiple draft gages, steam flow meters and recording 
steam pressure gages. With the exception of the draft 
gages which are Ellison, all these instruments are 
Brown instruments. The furnaces are of the solid wall 
construction, without air or water cooling and amply 
large for the expected capacities. They are 7 ft. 6 in. 
wide by 14 ft. 2 in. long with an average height of 10 
ft. 0 in., the volume being 1060 cu. ft. At the maximum 
steaming rate of 10,000 lb. per hour the heat liberation 
in this furnace is 12,500 B.t.u. per cu. ft. and at the 
average rate of 6000 Ib. per hour the liberation is 7600 
B.t.u. Each boiler is equipped with Diamond, valve-in- 
head soot blowers, Ashton safety valves, Yarway water 
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columns and Yarway blow-off valves. The valves 
throughout the plant generally are Walworth valves. 

The feedwater supply and heating system at this 
plant is quite interesting. A diagram of the connec- 
tions is shown in Fig. 5. Boiler feedwater is drawn 
directly from the river by small centrifugal pumps 
through the intake which was used for the same pur- 
pose by the original plant. The pumps are De Laval 
units rated at 40 g.p.m., 75 ft. head, driven by electric 
motors. 

After leaving the pumps the water passes through 
the inter and after condensers of the steam jet air 
pumps where it reclaims several degrees of heat which 
would otherwise be lost, and then passes on to a Riley 
closed feedwater heater. This heater receives exhaust 
steam from the boiler feed pumps. In this heater the 
water picks up from 60 to 70 deg. From the closed 
heater the water goes to an open Worthington deaerat- 
ing heater and then by gravity to the boiler feed 
pumps. The deaerating heater is supplied with steam 
from the third stage of the main turbines. The pres- 
sure of the extraction line varies from atmosphere up 
to 5 or 6 lb. depending upon which turbine is running 
and the value of the load. With this arrangement of 
feed heating, the feedwater temperature entering the 
boiler ranges from 210 to 240 deg. 


Pieine System SIMPLE 


Two boiler feed pumps are provided. These are 
Dean, duplex, outside end packed plunger pumps, 6 
by 3 by 10 in. and are located on the operating floor 
between the boilers. Here also are located the two 
river pumps which supply the boiler water. The level 
of the water in the boilers is controlled by Stets feed 
water controllers. 

The arrangement of equipment in the boiler room 
and the piping is simple and convenient. A 4-in. super- 
heated steam line extends from each boiler into the 
turbine room where they connect to form a loop. Three 
inch leads from this loop feed the turbines. All stop 
valves are conveniently accessible from the top of the 
switchboard enclosure, as may be seen in the photo- 
graph. 

From this brief description, it will be evident that 
this pumping plant has been thoroughly modernized 
and that no effort has been spared to produce a plant 
that is both efficient and reliable. As pointed out by 
D. D. Eames, who had charge of all boiler equipment, 
a controlling feature in the design of the boiler room 
was to produce something which would he in keeping 
with the high grade pumping equipment installed. The 
new boilers and firing system have given entire satis- 
faction and during the acceptance tests gave an aver- 
age efficiency of 75.7 per cent. Three tests were run 
with results as follows: 


oe) Sie ee ree Mere Ci 1 2 3 
Boiler hp. developed.........seeeeeee 183 229 282 
Per cent of baller” PRUNES i 6 slacirs vcs vee 13.2 91.5 112 
a has se evaporation per hr. Ib..... 6310 7910 9810 
a uivalent evap. per lb. of coal as fired a: 5 11.7 11.0 
ciency of unit, per cent........... 3.2 be | _— 
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The operation of the boilers continually shows high 
CO,, low exit gas temperatures, and a clean stack, three 
criterions of high boiler efficiency. After about 6 
months of service the furnace walls show no spalling 
or other signs of failure. The new equipment is being 
operated by exactly the same men who formerly shov- 
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elled coal in the old plant and there has been compara- 
tively little to criticise in the way they have taken hold 
of the new ideas involved in the operation of a pul- 
verized coal plant. 


Principal Equipment in the Needham St. Pumping Station, 
Newton, Mass. 








GENERAL 
rp a ER Sr eer City Water Pumping Station 
TQCREION. 0565.5 c cdc tcceecceces City of Newton, Massachusetts 
{ Weston and Sampson, Consulting Engineers of 


Engineers Boston 
|p. D. Eames, Consulting mechanical engineer, Boston 
Contractors for Pumping and General Equipment............ 
a bigroteterelecstelaleiatarslerere Turbine Equipment Co., of New England 


BOILERS AND AUXILIARIES 


Boilers—Erie City Iron Works, 2, 2502 sq. ft. cross drum, 
straight tube boilers, set 10%4 ft. high from floor to bottom 
of front header. Operating pressure 240 Ib. gage. Designed 
to supply maximum steam requirements of 10,000 lb. per hr. 
when operating at 135 per cent of rating. Furnace, solid wall 
type fired by pulverized coal. 

Superheaters—Foster Wheeler Corp. 1056 sq. ft. convection. 
Designed to provide an average total steam temperature of 550 
deg. or about 150 deg. of superheat. 

Draft—105 ft. Chimney. 

Fuel Burning System—Riley Stoker Corp., Atritas, 2 units 
each with a capacity of 1500 lb. per hour. Driven by 20-hp. 
General Electric motors. 

Fuel—Low volatile bituminous, nut and slack, about 14,000 
B.t.u. per Ib. : 

Boiler Feed Pumps—Dean Bros. Co., 2 direct acting duplex 
steam pumps, fitted with Ruggles-Klingemann Mfg. Co. feed 
pump governor. 

River Water Pumps—De Laval; type, centrifugal; capacity 
40 G.P.M. vs. 75 ft. head 2 H.P. General Electric motors. 

Coal Scale—Richardson Scale Co. automatic recording type. 

Coal Conveying Equipment—Jeffrey Mfg. Co.—Vertical 
bucket elevator, screw conveyor, etc. 

Coal Hoppers—International Engineering Works, Inc. 

Feedwater Heaters—Griscom-Russell Co. Reilly closed 
heater, Worthington Pump & Mach’y Corp. deaerating heater. 

Soot Blowers—Diamond Power Specialty Corp. Diamond 
Valve-in-head soot blowers. 

Safety Valves—Ashton Valve Co.—Two 3-in. safety valves 
each boiler drum, 1—2” valve each superheater. 

Water Columns—Yarnall-Waring Co. 

Blow-off Valves—Yarnall-Waring Co. 

Feedwater Regulators—Stets Co. 

Instruments—Steam gage pressure gages, vacuum gages, 
water discharge pressure gages and suction pressure gages, Ash- 
ton Valve Co., recording static pressure gage, Crosby Steam 
a & Valve Co., CO. recorders, Uptake pyrometers, steam 
flow meters, recording steam pressure gage, Brown Instrument 
Co. Draft gages, Ellison Draft Gage Co., Venturi Meter, Build- 
ers Iron Foundry. 

Valves and Fittings—Walworth Co. 


TURBINE AND ELECTRICAL EQUIPMENT 


Turbine Pumping and Generating Units—De Laval Steam 
Turbine Co. and Electric Machinery Mfg. Co. 3 units as fol- 
lows: 1—600 brake hp. De Laval steam turbine, 5980 r.p.m. 
geared down to 1200 r.p.m. 1—250 kv.a. Electric Machinery 
Mfg. Co. 4000 v. 60 cycle, 3 phase alternator with exciter. Two 


De Laval single stage centrifugal pumps connected in series to . 


pump 2950 g.p.m. against 272 ft. head when operating at 1200 
r.p.m. 1—775 brake hp. De Laval steam turbine, 6060 r.p.m. 
geared to 1200 r.p.m. Same size generator as above unit. Two 
centrifugal pumps connected in series to deliver 4175 g.p.m. 
against 295 ft. head at 1200 r.p.m. 1—1000 brake hp. De Laval 
turbine, 6060 r.p.m. geared to 1200 r.p.m. Same size generator 
as above. Two centrifugal pumps connected in series to deliver 
5560 g.p.m. against 340 ft. head at 1200 r.p.m. 
P Condensers—Foster Wheeler Corp. Water Works surface con- 
enser. 

El Switchboard—Electric Machinery Mfg. Co.—5 
panel vertical switchboard consisting of three generator and 
exciter panels and two feeder panels. 

Steam Jet Air Pumps—Schutte & Koerting Co., two stage 
surface type inter and after condensers. 
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In the same way, the new pumping equipment has 
proved unusually satisfactory. On each unit, during 
the acceptance tests, the attained duty exceeded the 
guaranteed duty by an ample margin. The guaranteed 
duty of unit No. 1 in ft. lb. of useful work per 1000 lb. 
of steam was 168,200,200 while the attained duty was 
188,013,000. Similarly, for unit No. 2, the guaranteed 
and attained duties were, respectively, 186,600,000 and 
194,060,000 ft. lb. and on unit No. 3, 183,400,000 and 
191,220,000 ft. lb. These results gave an average advan- 
tage for the three units of 6.68 per cent over the guar- 
anteed duty. 

The work of rehabilitating this plant was done 
under the direction of Richard H. Ellis, Water Com- 
missioner of the City of Newton. Turbine and pump 
equipment was installed by the Turbine Equipment 
Co. of New England under supervision of Weston and 
Sampson, Consulting Engineers of Boston, while the 
boiler plant was designed by D. D. Eames, mechanical 
engineer of Boston. In concluding this description we 
wish to express our indebtedness to both Mr. Ellis and 
Mr. Eames and to the Turbine Equipment Co. of New 
England for valuable assistance in supplying data, 
photographs and drawings used in this article. 


Quick Stopping Motor for Rubber Mill 


Bumwpine A one thousand-horsepower motor that 
can be brought from full speed to a dead stop in one 
and one-quarter seconds or three and a half revolutions 
so that the huge rolls of rubber mills will stop quickly, 
is the latest accomplishment of engineers of the West- 
inghouse Electric and Manufacturing Company. The 
rotating element of this motor weighs more than three 
tons and turns with a speed of 514 revolutions a min- 





WESTINGHOUSE 1,000-HP. SYNCHRONOUS MOTOR, WHICH 
CAN BE STOPPED IN THREE AND ONE-HALF REVOLUTIONS, 
INSTALLED AT THE GOODYEAR TIRE PLANT 


ute. The energy required to stop this rotating mass is 
sufficient to lift a modern passenger elevator loaded with 
12 passengers to a height of 24 stories. The unit is 
being furnished the Goodyear Tire and Rubber Com- 
pany at Akron, Ohio. There it will drive through gears 
a number of huge rolls, each seven feet long and more 
than two feet in diameter. 

As the plastic, crude rubber is drawn between the 
rolls, it travels at a speed of 19 in. a second. So the 
rolls must be stopped quickly in case of emergency to 
avoid injury to the operator. 
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State Surtace of Steaml|\ 





When Applied to Substances Such as Water In Its Solid, Liquid, Gaseous 
and Transition Stages, Mathematical Equations of Simple Form Are Limited 
In Their Scope to These Individual Stages, Each One Requiring a Separate 
Formula, as Is Beautifully Illustrated on a Three-Axes Diagram 





‘XPERIENCE has shown that the state of aggre- 

_dgation of a substance is described by the variables, 
pressure (p), specific volume (v), and the tempera- 
ture (T). The characteristic equation or the equation 
of state is, therefore, of the form 


fi», 7, FT) == 0. 


This equation is perfectly general: it expresses the 
fact that these three variables are related in a fixed 
and definite way. Whether this fixed and definite 
relation can be represented by a mathematical express- 
sion is quite another matter. The problem of finding 
such mathematical expressions has occupied some of 
the world’s foremost minds over a long period of time. 

Perhaps the first contributor to this problem was 
Robert Boyle, who, in 1662, demonstrated that the 
pressure of a gas varies inversely as the volume when 
the temperature is constant, a relation that is now 
known as Boyle’s Law. Boyle himself knew that this 
law held only under ideal conditions such as were 
closely approximated by real gases at high tempera- 
tures and low pressures, while under ordinary condi- 
tions it did not correctly represent the true perform- 
ance of any real gas. 

In 1802, Joseph Louis Gay-Lussac found that the 
pressure of a gas varies directly as the temperature 
when the volume is constant, and this result is known 
as Gay-Lussac’s (or Charles’) Law. This relation 
likewise applies only under ideal conditions such as 
are closely approximated by real gases at high tem- 
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FIG. 1. THE STATE SURFACE OF A PERFECT GAS 
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peratures and low pressures. Such performances as 
condensation and freezing are completely ignored. 


IpEAL Gas BEHAVIOR 


The combination of the Laws of Boyle and Gay- 
Lussac yields the well known equation, pv = RT. No 
real substance is truly represented by this equation 
but, as in the case of the foregoing laws, it closely 
approximates real gases when the temperature is high 
and the pressure is low. Under such conditions a real 
gas is said to behave like a perfect gas or an ideal gas. 
The equation, py = RT, is, then, the characteristic 
equation or equation of state of an imaginary sub- 
stance described as a perfect gas. With the appropri- 
ate constant (R), this simple equation is extremely 
useful, for a great many working substances met with 
in practice can be very closely described by it. 

By making use of the rectangular codrdinates 
p, v, and T, the equation, py = RT, describes the sur- 
face shown in Fig. 1, which is known as the charac- 
teristic surface or state surface of a perfect gas. The 
state surface of a real substance is not so simple. 

Steam, which is perhaps the most important work- 
ing substance, cannot be closely described by ‘the 
above simple equation. In fact in modern practice it 
has become so necessary to know accurately the prop- 
erties of steam that a great deal of experiment has 
been directed to this end. These elaborate researches 
have not brought to light a simple equation similar 
to pv=RT, but rather, it has proved expedient to 
present these results in the form of steam tables. A 


_ plotting of these data, with p, v, and T codrdinates, 


describes the interesting state surface of steam, shown 
in Fig. 2. The scales of this diagram are modified to 
reveal clearly some of the more interesting details. 


Sources oF Data ror Diagram - 


Keenan’s Steam Tables provide data for those con- 
ditions ranging from 32 deg. F. to 1000 deg. F. and 
pressures up to 3500 lb. per sq. in. absolute. It will be 
observed from Fig. 2 that the surface of wet steam is 
defined by elements that are perpendicular to the 
p—T plane. This wet steam surface terminates at 
the critical temperature, see point A. The critical 
temperature may be defined as that temperature above 
which a substance cannot be liquefied by pressure 
alone. For steam this critical temperature is 706.1 
deg. F. The companion pressure or the highest pres- 
sure that can produce liquefaction is the critical pres- 








) 








Visualized 


Fig. 2. The state sur- 
face of steam in vari- 
ous physical forms 


sure, which is 3226.0 lb. per sq. in. absolute for steam. 
The specific volume of a substance at the critical 
temperature and under the critical pressure is the 
critical volume (the specific volumes of the liquid and 
vapor phases are then assumed to be equal). The 
critical specific volume of steam is 0.0522 cu. ft. per lb. 

Water under atmospheric pressure freezes at 32 
deg. F. but Bridgman’ has shown that the freezing 
point falls slightly as the pressure is increased so that 
at 3500 lb. per sq. in. absolute water freezes at about 
28.4 deg. F. (point B). The narrow surface repre- 
senting mixtures of ice and water is also perpendicu- 
lar to the p—T plane and is slightly convex toward 
the p-axis. It is also interesting that the width of 
this surface is not quite constant. When water freezes 
at atmospheric pressure, its volume as ice is greater 
by 9 per cent but if freezing occurs under a pressure 
of 3500 lb. per sq. in. absolute, this figure increases 
to about 9.5 per cent. 


This narrow ‘‘wet ice’’ surface intersects the ‘‘ wet 
steam’’ surface at the line CD which, when produced 
to E, forms the line that describes the triple point 
conditions. The triple point may be defined as the 
pressure and temperature at which the solid, liquid, 
and gaseous phases of a substance may coexist in 
equilibrium. For steam the codrdinates of this point 
are T=0.0135 deg. F. and p= 0.0885 lb. per sq. in. 
absolute, while the specific volume v may range 
between C and E depending on the amount of each 
phase existing in the mixture. 

The vapor pressure of ice, described by the curve 
from D to the v-axis, is quite small but measurable: 
values may be found in the International Critical 
Tables. The behavior at absolute zero temperature 
is still rather obscure although it would seem, from 
modern statistical theories of matter, that a zero 
vapor pressure may be expected. This would cause 
the saturation line AE to approach the v-axis as an 
asymptote. 


1Proceedings of the American Academy, 47; 440. 
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D1aGRAM VISUALIZES Limits oF EQuaTION 

With the resulting diagram in view, it is at once 
clear why the simple equation, py—RT, cannot be 
made to serve as an equation of state for steam. If, 
however, a perfect gas surface were fitted to the 
coordinates of the steam surface, by appropriate 
adjustments of the constant R, it could be made to fit 
rather closely a large portion of the superheated steam 
area. It is in precisely these conditions, well above 
and away from the saturation line, that water vapor 
behaves very nearly like a perfect gas. In fact, it is 
for this same reason that the equation, py = RT, can 
describe so well the behavior of a gas like hydrogen. 
Hydrogen has a state surface similar, in most respects, 
to that of steam except that its critical temperature 
is extremely low, so low that the liquid and solid 
phases of hydrogen are seldom encountered in prac- 
tice. The hydrogen commonly met with is at or well 
above atmospheric temperatures and consequently, 
with respect to its saturation line, it is highly super- 
heated. Such temperatures accompanied by moderate 
pressures, comprise the conditions necessary for a 
close approximation to the perfect gas equation. 

Perhaps the most interesting thing about the state 
surface of steam is that it presents in picture form 
the broad aspects of the physical relationships 
between the three phases of water: concepts which 
usually lie buried in the rather dry columns of the 
steam tables. 

Studies of this sort are of practical value wherever 
the substance used passes from one state to another in 
the cycle of operation. In the refrigerating plant a 
diagram of the state surface of ammonia or carbon- 
dioxide would aid greatly in giving a conception of 
the relationship which exists between volume, pressure 
and temperature in the various stages of the cycle. 
Likewise in binary vapor plants the state surface dia- 
gram will give a conception of the characteristics of 
mercury or other substance employed that is difficult 
to grasp from tables or two-dimension diagrams. 
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‘TUBES 


UBES! What do you know about them? 

Aside from their use in your radio receiver 
do you know how they may be of use to you? 
Do you know the different types — how they 
differ in construction, their possible uses? {| In 
this article you will find the answers to many 
of these questions. Tubes, vacuum and other- 
wise, are destined to fulfill many services in in- 
dustries which are now done less effectively by 
other methods. You will find the explanations 


in this article simple and informative 








HOSE OF US WHO are not radio fans have not 

been worried much by ‘‘tubes’’ and ‘‘cells’’ until 
lately. But ‘recently a whole crowd of them have 
appeared; tubes that see, that feel, that change a.c. 
to d.c., and back again; tubes that are relays, and 
circuit breakers; tubes that handle a hundred kilo- 
watts. Queer words like ‘‘thermionic,’’ ‘‘grid-glow,’’ 
‘*Kenotron,’’ that used to be safely shut up in the 
research laboratory, have broken loose, and are likely 
to settle down on anybody’s doorstep. 

Any engineer, no matter what his specialty, may 
find some sort of a tube useful. Perhaps others knew 
as little as we did about this; and possibly may be as 
interested as we were in what it’s all about. 

Tubes are doing all sorts of things, for example: 


Rectifying A.C. to D.C_—Handling moderate and 
extremely high voltages. 

Serving as Relays—Small power, controlling that a 
million times greater. 

Acting as High Speed Circuit Breakers—Interrupt- 
ing considerable amounts of power continuously 
without burning. 

Detecting and Instantly Responding to Delicate 
Stimuli—Such as light and shadow, colors, heat and 
cold, flame or smoke, dryness and moisture, varying 
pressure and so forth. 

Supplying Light—Of special colors or extremely 
rapid variation, as for stroboscopes. 


Amplifying Currents—Tremendous electrical lever- 


age. 
Converting D.C. to A.C.—Any desired frequency. 
Giving Variable D.C. Voltage. Output from A.C.— 
To control motor speed, theatre lighting, etc. 


The general principles, after all, are not so hard 
to get. There are all sorts of tubes, but all of them 
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May Solves 


By Hendley N. Blackmon 
Westinghouse Electric & Mfg. Co. 


involve two or more electrodes sealed in a vacuum 
(or in a very low gas pressure). If voltage is applied, 
a current flows through the vacuum (or gas) from 
the electrode which is larger, or hotter (the cathode), 
to the smaller, or cooler, anode. Thus, except where 
the electrodes are the same size and the same tempera- 
ture, all tubes pass current in one direction only; are 
rectifiers. 

Either electrode may be of various shapes—a plate, 
a rod, a hollow cylinder, or a coating on glass. For 
some purposes, the tube is made with a cathode glow- 
ing hot. A convenient way to get this is to use an 
incandescent filament as the cathode. It could be a 
plate or rod heated by any other means. 

With just the two cold electrodes, the amount of 
current depends only on the voltage between them. 
But various means can be added to control this flow. 

With a hot cathode, you can vary its heat (used 
in radio and many industrial tubes). : 

You can make one of the electrodes out of a ma- 
terial that is sensitive to light—this makes a photo- 
electric cell or phototube.* 

You can put a ‘‘grid’’ or screen between the two 
electrodes. Varying the voltage on the grid will con- 
trol the current flow from cathode to anode. This 
makes the tube a relay or amplifier. 

The current capacity of vacuum filled tubes is 
usually very slight; a little gas (about 1/1000 atmos- 
phere) greatly increases it. Gas-filled tubes glow when 
passing current. Gases often used are neon—(red 


light), argon (purple), helium (blue-green). Some- 


1In this type of tube the current that passes between the elec- 
trodes is proportional to the intensity of illumination.—Ed. 














FILAMENTS MgY BE SUPPLIED BY A 
LITTLE TRANSFORMER 











FIG. 1. TWO ELEMENT HOT CATHODE TUBE 
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AYour Problem 





times mercury vapor is 
used—a drop of mercury 
being put in the tube, and 
vaporizing as it gets hot. 
It gives the familiar green- 
ish glow. 


For Rectiryine (A.C. To 
D.C. Punsatine) 


THe Two-ELement Hor 
CatTHopvE TuBE (Vacuum or 
Gas) is suitable as a rec- 
tifier. (Fig. 1.) Its bulb 
encloses a lamp filament 
and plate. The filament 
ean be heated by either 
d.c. or a.c., using a con- 
venient voltage, often 214 
or 5. 

For very high voltage, with very little current, 
vacuum tubes are available from 100 v., 0.1 amp., to 
230,000 v., 0.001 amp.—the latter being suitable for 
such service as Cottrell precipitators, ‘‘ artificial light- 
ning’’, and so forth. 

If more current is wanted, gas-filled tubes can be 
had for 75 amp. or more, and over a voltage range 
from 110 to 25,000. The efficiency is good, from 90 
to 95 per cent in many cases. The life is from 1000 
to 10,000 hr. counting the time the filament is glowing. 

Examples of this sort of tube, the Rectigon and 
Tungar, have been familiar for several years for charg- 
ing small batteries. 














. 


CLOSING A PUTS POWER ON B 














FIG. 2. THREE ELEMENT HOT FILAMENT, GRID 
TUBE 5 


As a Revay 


Grip-GLiow TuseE (Three element, hot cathode, gas). 
Here, between the glowing filament ‘‘cathode’’, and 
the anode, a ‘‘grid’’ is interposed, which controls the 
flow of current from cathode to anode. 

No current flows from cathode to anode until the 
voltage on the grid is raised to approach that of the 
cathode. (Fig. 2.) At a certain critical point of grid 
voltage, the resistance between cathode ‘and anode 
breaks down, and current flows.? 

However, after the current once starts, the grid 
voltage has no more control over it—the current will 
keep on flowing indefinitely if the supply is direct cur- 
rent. If it is a.c., the current will flow to the end of 
the half-cycle, and stop (because the tube will pass 
current only one way). 


One Retay For Two 
_ The tube is thus a relay in which a very small grid 


current can control® quite a large plate current—a 


relay which ‘‘latches in’’ when used on direct current. 
(Fig. 4.) 

Because so small a grid current can control so 
large a main current, it can often replace two ordinary 
relays, one controlling the other. 

; 
2This action applies only when there is gas in the tube. With 
@ vacuum the current for cathode to @ will vary, depending 
upon the potential applied to the There is no sudden 
“breakdown” of the cathode-anode resistance as is the case with 


the gas-filled tube.—Ed. 
SInitiate, perhaps, is a better word.—Ed, 
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An example of its use is in getting temperature 
control from a thermometer. The mercury of the ther- 
mometer makes contact with tiny sealed-in wires, 
closing the grid circuit. With this microscopic circuit, 
the tube can control several hundred watts directly. 
This tube-type relay is much faster than any mechan- 
ical relay, acting in one ten-millionth of a second. 
Its life is from 1000 to 10,000 hr., counting the time 
the filament is kept glowing. 


FREQUENT HigH-SpeEep Circuit BREAKER FOR HEAvy 
CuRRENTS AND HigH VOLTAGES 


Power Grip-GLow TusBEe (Three-element, mercury 
pool).—An engineer lately faced the necessity of open- 
ing a 90 amp., 220 v. inductive a.c. circuit, 400 times 
a minute. No ordinary switch would endure it, but the 
Mercury pool Grid-Glow Tube was developed for the 
job, and did it, without the slightest burning. 

This switch is a power grid-glow tube, built for 
heavy current. A mercury pool serves as cathode, in- 
stead of the usual hot filament. (Fig. 4.) The current 
is controlled by a grid near the cathode, and the mak- 
ing and breaking is done in the grid circuit, which 








MERCURY POOL CATHODE 











FIG. 4. THREE ELEMENT, MERCURY POOL, POWER GRID 
GLOW TUBE 
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FIG. 3 
GRID-GLOW TUBES 


Here are shown several different 
types of grid-glow tubes. The first 
from the left is a gas filled grid 
controlled rectifier, with a capacity 
of 6 amperes. The next is a photo 
glow tube, also gas filled. The third 
is like the first except that it has a 
capacity of only 4 amp. The tube 
at the right is a cold cathode super- 
sensitive relay with a capacity of 
20 milli-amperes. 





carries only a few thousandth of an ampere. With 
the grid circuit in the ‘‘open’’ position, the main cur- 
rent is extinguished as it passes through zero at the 
end of the first half cycle, and cannot re-establish 
itself until the grid circuit is again closed. There is no 
burning at all. 

From what is known of mercury rectifiers, it seems 
that a similar mercury tube switch could be built up to 
10,000 v. 


Tuse AcTING oN De.icatTEe STIMULI 


Grw-GLow Tuse (Three element, cold cathode) .— 
This is the device which catches burglars who get too 
near the silver spoons; which starts a steel mill when 
somebody puts his hand close to a crystal ball; which 
turns the fuel off in an oil-burner if the flame goes out; 
measures the moisture in paper; helps a micrometer 
to split a ten-thousandth of an inch. It is the tool of 
extreme sensitiveness. 

Anything which affects the voltage, resistance, 
capacity, or reactance of the grid circuit in the slight- 
est, can be detected and measured, since the plate cur- 
rent is proportional and perhaps a million times 
greater. (Fig. 6.) Even at heat, the plate current is 
very small (0.025 amp. at 440 v.), and the grid-glow 
tube is usually used to control another relay. Life is 
from 2000 hr. up (time actually carrying current). 
It is satisfactorily rugged, and requires no especial 
tenderness. 


Evectric Eyes Are Receiving MucH ATTENTION FOR 
INDUSTRIAL CONTROL PURPOSES 


PHOTOTUBE AND PHotoeLow TuBE (Two element, 
cold cathode, vacuum or gas).—Both these tubes have 
a cathode of light-sensitive metal, such as caesium. 
(Fig. 7.) In both, the impedance to flow of current 
varies when the amount of light falling on them varies. 
But in the photo-cell, the amount of current flowing 
is proportional to the illumination, and very small, 
(a matter of millionths of an ampere). The photo- 
glow tube acts like a relay; when the illumination 
reaches a critical value, the tube practically short-cir- 
cuits, and passes a current a thousand times greater 
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than the photo-cell, a combination light cell and heavy 
duty relay. 

A photo-glow tube will carry 0.005 to 0.10 amp. 
continuously, and ten times as much momentarily. It 
will work between 100 and 440 v., and could be built 
for 1000 v. Either d.c. or a.c. can be used; with a.c. 
the tube ‘‘resets’’ in one-half cycle; with d.c. when it 
has once ‘‘closed’’, the circuit stays closed until inter- 
rupted by a switch. 

Where measurement of light is concerned, the 
photo-cell is used, with some form of amplifier, like 
a three-element, vacuum tube. If it is merely required 
to count shadows, or to distinguish between dark and 
light, the photo-glow is used, usually aided by a relay 
of some sort, like a power grid-glow tube. 

The life of these cells depends on the length of 
time they carry full current. It should be a matter 
of several thousand hours. 

Photo-glow tubes are so quick-acting, they can see 
the beginning of a flashover on a rotary or a generator, 
and cut the power off before the flash can develop far 


FIG. 5. HIGH POWER GRID GLOW TUBE HANDLING 900 KW. 
(180 AMP. AT 5000 V.) 
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enough to do damage. The whole transaction is so 
quick that a human eye does not even see the flash, 
or rather, the beginning of the flash. 


Use as Lamps 


Power Griv-Gtow Tuse (Three element, hot ¢a- 
thode, gas).—Like all gas-filled tubes, this glows when 
carrying current. The intensity of the glow increases 
with the size of the current, and has virtually no 
time lag. 

In a new stroboscope, called the Stroboglow, it is 
used as both relay and lamp, being turned on and 
off by means of the grid circuit. An intense brief 
glow is obtained by putting a 500 amp. condenser dis- 
charge through a half amp. tube. The flash lasts but 
a ten-millionth of a second. 

Such lamps have also been used for television, and 
also in a ‘‘ bump meter’’, in which acceleration or road 
shocks, or acceleration of an automobile, are shown by 
flashes. Another use is by indicating maximum pres- 
sures in Diesel engine cylinders, to show whether any 
are ‘‘missing’’. Wherever very brief, accurately-timed 
flashes are needed, such a tube is suitable. 


As AN AMPLIFIER 


THREE ELEMENT Vacuum Tuse—Here the current 
in the plate circuit is exactly proportional to the grid 
voltage (which controls it), but perhaps a million 
times greater.* Even the plate current, however, is 
relatively very small, a small fraction of an ampere 
for ordinary size tubes. Very large tubes have been 
built, however, rating from 100 to 160 kw., but these 
ratings were at high voltage, and the tubes are five 
feet tall, and very costly. 

An ordinary size tube may use 30—40 v., with 
practically no current, in the control (grid) circuit, 
and 0.04 amp. and 400 v. in the main (plate) circuit. 

Such tubes can be useful in such work as meter- 
ing; or, used together with some other amplifier like 
a three-legged reactor, they allow the control of hun- 
dreds of kilowatts of power load by a tiny radio-type 
rheostat. 


4This is the type tube most used in your radio receiver.—Ed. 


(To be concluded) * 
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Maintenance and 
Repair Schedules 


Accidents and Failure of Service Must 
Be Guarded Against by Keeping Equip- 
ment in Repair by Regular Inspections 


O INSURE uninterrupted service “-URBINE 
as well as achieve the highest pos- 

sible efficiency, it is necessary that the 

equipment of a plant be kept in repair. PACK 

Every piece of equipment must be re- 

paired as soon as defects appear and, 

what is far more difficult and essen- 

tial, wear and tear must be anticipated 

by careful, periodic inspection so that 

repairs can be scheduled in advance. 

Sudden and unexpected failures must 

be carefully avoided, because they 

might cause an interruption of power 

or result in serious accidents. 


1-2 SAINUNIT CLEAN 


In general the major maintenance jobs are under- 
taken only during the period when the demand for 
electricity is at its lowest, which in the St. Louis 
district is the period from March through September. 
Accordingly, all maintenance jobs during this period 
are definitely scheduled in advance. Since there are 
several power plants in the Union Electric group sup- 
plying current to one general system this scheduling 
of maintenance is an important factor if the system 
is to be properly safeguarded in the matter of reserve 
capacity. Figure 2 is an example of inter-plant sched- 


Ac 


- Ou LE 


FIG. 1. PART OF THE SCHEDULE FOR CAHOKIA STATION 


LARGE SyYsTEMS 


This is done in a systematic way by the Union 
Electric Light & Power Co., St. Louis, Mo., which 
must consider not only the machines in each plant but 
the relation of several plants on the system to each 
other. To maintain a high state of equipment repair 
and to carry out detailed periodic inspections this 
company has a special division of personnel known 
as the maintenance crew, under the plant’s master 
mechanic. This group consists of machinists, mill- 
wrights, ironworkers, pipefitters, carpenters, brick- 
masons, electricians and boilermakers. 


CAHOKIA 


28 FLAsT 


VENICE 


SH 


FIRST 


THE CROSS HATCHED AREAS INDICATE WORK COMPLETED 


uling and Fig. 1 of jobs scheduled within one plant, 
Cahokia, both schedules being for the year 1930. The 
schedule clearly sets forth the time at which each job 
is to start, the time allotted to it, and the number of 
men required. A reasonably accurate estimate as to 
the number and class of maintenance men required 
to do the various jobs can thus be made ahead of 
time. The schedule is then closely followed and prog- 
ress is verified with the schedule at the end of each 
week, ; 
Figure 1 shows where No. 3 turbine at Cahokia 
was scheduled for repairs from the 
fourth week in April to the fourth 
week in May. While this generating 
unit was out of service for repairs 
auxiliary equipment connected to the 
unit was thoroughly inspected and 
various valves cleaned and packed, 
pumps inspected and overhauled, con- 
denser cleaned and tested for leaks. 
If, during the inspection a part should 
be found that required replacement 
and the part cannot be obtained with- 
in the time allotted for the job, then 
this part will be ordered and replaced 
at a later date overnight or during a 
week-end. 

A card index record of the inspec- 
tions is kept up to date and added to 
as each scheduled inspection is made. 
By having these inspection records it 
is possible to accurately plan and 


FIG. 2. INTERPLANT MAINTENANCE SCHEDULE FOR PART 
OF THE UNION ELEC. LIGHT & POWER CO. 


schedule the next major job on this 
unit. 





Waterwheel Efficiency 
of Hydroelectric Units 


- A Novel Method of Increasing the Efficiency 
of Hydraulic Turbines by Cleaning Trash 
and Leaves from the Blades of the Runners 


By J. F. Richmond 


PERATION and maintenance of many hydroelec- 
tric plants is taken for granted, that is, once such 
plants are started and placed on the line, little effort is 
made to improve their efficiencies in the same way that 
the steam plant operator constantly tries to improve the 
efficiency of his plant. This probably is due to the fact 
that many manufacturing plants located along streams 
make use of what water there is to assist their steam 
plant and regard the water power as just ‘‘something 
for nothing.’’ Hydro plants, however, need attention 
just as a steam plant does and such attention often 
proves very much worth while. 


Fatt Is Worst SEASon 


In the fall of the year, for instance, many leaves find 
their way down streams, mostly noticed by those who 
clean the racks located at the head of the penstock or 
canal leading to the wheel. 

Many of these leaves as well as other trash go 
through the racks, and plaster themselves on the blades 
of the wheels and collect between the blades around the 
hub, which changes the stream line flow of the water 
through the wheel causing eddies and counter flows 
which decrease the efficiency of the wheel. 

In the spring when the snow melts and the ice goes 
out, much the same thing happens, and at other times 
with those plants located on streams which act as sewers 
for the villages, much toilet paper, rags, garbage and 
trash passes through the wheel. A rag caught in the 
- right place on the blades will stay there for days some- 
times, reducing the efficiency from 5 to 15 per cent, 
depending on the amount of trash, and the location on 
or between the blades. 

When the loss in power turned out by the wheel 
becomes quite noticeable, somebody is notified to clean 
out the wheel, which means shutting down the head 
gates, drawing off the water from the penstock or canal, 
and going down in the wheel-pit to clean out the rubbish. 
This costs something for time, and sometimes delay or 
loss of power. 


WasH Ovt THE TRASH 


Those plants which have their wheels operating 
electric generators on the same shaft, and which are 
connected electrically with a power company or a prime 
mover of their own large enough to carry the wheel at 
full speed with the gate shut, can clean the wheel in a 
few moments without disconnecting it from the system. 
The cost of power to drive the wheel for three or four 
minutes depends on the size of the wheel, but the cost 
is small in consideration of the benefit derived. 

The method used is simple; first the field current on 
the generator may be reduced to the amount used when 
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putting the generator on the line, unless more is needed 
for power factor correction; then the gate is shut down 
tight just as would be done if shutting down the wheel. 
The generator is thus acting as a motor and turning the 
wheel. Now, if the tail race can be observed, a cloud 
of leaves and trash will be seen in the water. 


Water FiusHes DEBRIS FROM BLADES 


Operation in this manner is continued for about a 
minute, after which the gate is opened to about one half 
the amount which would be used in holding the wheel 
up to synchronizing speed and the wheel operated this 
way for another minute. This allows more water to 
splash against the blades especially if wicket gates are 
used. Since the speed of the wheel is now greater than 
the speed of the water, the water now strikes the blade 
on the opposite side from that which prevails normally. 
This action unfolds anything clinging to the blades and 
has a tendency to dislodge anything wedged between the 
blades. 

After operating this way for a few minutes, the 
gate is opened to a speed slightly higher than that nec- 
essary for synchronizing to flush it. The gate is then 
closed and the operation repeated. 

Sometimes it is necessary to repeat this operation 
three or four times to loosen some particularly obstinate 
piece of trash. If the generator comes up to the re- 
quired kilowatts after the first cleaning, it shows that 
the blades are clean, and no more cleaning is required 
until the power again drops below what should be 
expected from the amount of water available. 

During the trash season of spring and fall it is well 
to clean the wheel in this way twice a day, and once a 
day at other times, this insures getting all the wheel will 
do from the water available. 


Ten Per Cent GAIN 


Since using this method at the plant of the writer, an 
average increase of at least ten per cent has been noted 
in the output of the wheel. This method was discovered 
while experimenting with different openings of the gate. 

Now, the only time it is necessary to enter the wheel- 
pit is when some long piece of wood gets in which won’t 
go through and prevents the gates opening or closing 
properly. 

The effectiveness of this operation is most noticeable 
at our plant during flood times, when, after the rack 
is known to be thoroughly clean and there is plenty of 
water, the generator persists in putting out only four- 
fifths or so of the usual kilowatts expected. The opera- 
tion of cleaning the wheel is then carried out two or 
three times, and when the gate is opened wide again, 
the meters read the full power output of the machine. 

Some wheels are provided with what is called a self- 
cleaning device, which consists of several holes drilled 
through the top end of the wheel hub of a vertical unit, 
leading from a cavity just under the shaft stuffing-box 
to the openings between the blades where they join the 
hub. A considerable pressure of water is applied through 
a pipe leading to the cavity under the stuffing-box, this 
water passing through the holes in the hub issues with 
some force between the blades and is supposed to wash 
away any trash collected there. But, as this tends to 
create packing troubles around the shaft, it is not used 
with much pressure and consequently does little good. 
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Fitting the 7urbine 


to the Plant 


H. S. Hemenway, Westinghouse Industrial Turbine Engineer, Tells 
T.A.P.P.I. Engineers the Advantages of By-Product Power Gen- 
eration and How a Turbine Is Made to Fit a Particular Condition 


ECAUSE OF LARGE QUANTITIES of steam 

used for drying paper in rolls, the paper industry 
was an early user of by-product power. By-product 
power is realized by generating steam at a pressure 
higher than required in the process, and expanding 
it down to the process pressure through a steam tur- 
bine or other prime mover generating power. The 
heat of vaporization of the exhausted steam is used 
to carry out the process requirements, such as drying 
paper in the rolls. The amount of power that can be 
obtained in expanding steam from a higher to a lower 
pressure is shown in Fig. 1. Expanding 50,000 lb. of 
steam an hour from 400 lb. throttle pressure to 100 
lb. back pressure gives 1250 kw. of power; from 800 
lb. initial to 100 lb., gives 1850 kw.; and if a throttle 
pressure of 1200 lb. is used 2250 kw. of by-product 
power results. 

Because of the small increase in amount of heat 
required to produce steam at some higher pressure, 
as 1200 Ib., instead of at 200 lb., new steam gener- 
ating equipment is frequently justified on the basis of 
the increased efficiencies that can be realized in up-to- 
date generating equipment. As the increase in heat 
required is only 10 per cent for the extreme range 
of 1200 Ib., 200 deg. F. sup. as compared to 200 lb., 
100 deg. F. sup., the increased efficiency of the new 
equipment may result in generating the steam at the 
higher pressure with even less coal than was used at 
the power pressure. In this case the power obtained 
in expanding the steam in the turbine to the lower 
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pressure is only subject to the capital cost of the 
new equipment. 

Many such installations have been made in the 
paper industry showing that there is a general appre- 
ciation of the advantages to be gained. But a turbine 
so installed may serve some other plant requirement 
so well that the power obtained comes nearer still to 
satisfying the urge to get something for nothing.. The 
problem of steam pressure control, temperature con- 
trol, frequency control, or load control is frequently 
of major importance. Turbines have been successfully 
applied to cover each of these requirements, some- 
times two kinds of control being obtained on one 
machine. 


TURBINES Mabe To Fir 


A turbine expanding steam from a higher pres- 
sure to a lower pressure may have a pressure regu- 
lator on the turbine exhaust. The turbine will then 
carry just enough load to satisfy the demand for 
steam at the exhaust pressure. Another type of con- 
trol of pressure at one point is the bleeder turbine, 
which bleeds out sufficient steam to maintain the 
desired pressure. In addition to the steam bled, 
sufficient steam is expanded to a lower pressure to 
generate the desired power. This turbine is thus 
responsive to load as well as pressure. . 

Another type of one point pressure control is the 
throttle pressure regulator. This finds application 
where a higher pressure boiler has been installed to 
supplement a lower pressure system. It allows the 
maximum power to be generated in the new high 
pressure generating equipment of higher efficiency. 
With this control the turbine passes more steam and 
earries a higher load where the throttle pressure 
increases because of a surplus of high pressure steam. 
An application of such controls is shown in Fig. 2. 

The pressure may be controlled in two different 
lines by means of a back pressure bleeder turbine. 
In this case the turbine bleeds at one pressure and 
exhausts at a lower pressure, both under pressure 
control. The load carried is strictly dependent on the 
demand for steam at the two pressures. Other prime 
movers on the line determine the electrical frequency 
of the system. 

A double bleeder turbine may send steam out to 
two lines at two different pressures, each under pres- 
sure control. Sufficient steam is then expanded to a 
still lower pressure, generally that of a condenser, to 
earry the required load. Such a turbine may main- 





200 LB. BOILERS 


THROTTLE O 
PRESS. CONTROL 
| TURBINE 
Feasaal 


1 


EXH. PRESS. 
COND. 
BLEEDER PRESS. CONTROL 


CONTROL 
2519. ———> 


200 LB. BOILERS 









































aie 








FIG. 2. TURBINES CONTROLLING STEAM PRESSURE AT 


ONE POINT 


tain the system electrical frequency as well as supply 
steam at the two pressures. 

Turbines frequently exhaust to a water heater 
where it is desired to maintain a constant water out- 
let temperature with variable amount of water flow. 
This may be accomplished by having a temperature 
control element on the water outlet act on the turbine 
governor. The more usual way is to have a pressure 
regulator on the water heater, set for a pressure cor- 
responding to the temperature desired. 

A recent installation of this type, shown by Fig. 3, 
was made on a 4000-kw. turbine taking steam at 400 
lb., 200 deg. F. sup. and bleeding to the older boiler 
line at 125 lb. The turbine exhausted to a water 
heater under control of a pressure regulator at 10 lb. 
abs. to maintain the water outlet of 190 deg. F. 

This pressure regulator is adjustable for pressures 
of 214 lb. abs. to 2% lb. ga. to suit various water 
temperatures that may be required. The regulator 
controls the opening of the turbine valves at the 125 
lb. point to pass just the required steam from that 
pressure to the water heater. The amount of steam 
bled at 125 lb. varies with the load and with the 
amount of steam required for water heating. 

In many paper mills, particularly those using sec- 
tional paper machine drive, it is essential to hold the 
frequency within close limits. In order to obtain 
stability of turbine governing the usual practice is 
to make the speed variation from no load to full load 
4 to 5 per cent. A governor with no speed variation 
between no load and full load would not be stable, 
and would not hold a steady frequency. A governor 
speed compensator has been developed combining the 
stability of the usual turbine governor with the char- 
acteristics of holding the same frequency at all loads. 
This it does by bringing the frequency back to the 
mean value after any load change. 

This speed compensator may be applied to any 
condensing, non-condensing, or bleeder turbine. Gen- 
erally only one turbine on the system should be so 
equipped and this must be of sufficient capacity to 
earry all of the load swings. Figure 4 shows a turbine 
which controls the pressure at two points and also 
has a speed compensator to maintain the electrical 
system frequency. 

The power produced is determined by the demands 
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for steam at the two pressures and such a unit may 
be tied-in electrically with other machines in the same 
plant, or as is more frequent, tied-in with an out- 
side line. 


SPEED AND PRESSURE REGULATION COMBINED 


In ease of failure of the outside power source, the 
bleeder turbine will-be overloaded, and fail to main- 
tain frequency, unless some means is used to prevent 
this. At one installation an electrical pilot switch 
is installed in the incoming power line so that in the 
event of failure of the outside power source, the tur- 
bine is disconnected from the board and the circuit 
breakers on all but the essential load, viz., paper 
machine drive and its auxiliaries, are opened. This 
brings the total load within the capacity of the tur- 
bine. The pilot switch also energizes a solenoid on 
the turbine automatic back-pressure control change- 
over valve, which shifts the turbine from back- 
pressure bleeder control, floating on the line, to 
bleeder speed-responsive control, maintaining the sys- 
tem frequency on the essential load. After this 
change-over, the frequency is held within close limits 
by means of the governor speed compensator. 

Plants developing their own power frequently find 
it desirable to limit the power demand taken from a 
hydro unit or from an outside line. This may be done 
by arranging some turbine in their plant to operate 
in response to a load control device. At one plant 
such a load control, consisting of a watt-meter ele- 
ment, operates the speed changers on two of their 
four turbines to keep the load carried by the tie-line 
substantially constant. Any tendency for the tie-line 
to pick up load causes the load control to set on the 
turbine governor to increase the turbine load, this 
reducing the tie-line load to the desired value. 
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The Boiler Heat Balance 
and its Calculation 





Part II. Charts for the Solution of Heat Balance Problems 
Based Upon Average Coal Analysis. By Albert E. Canfield* 





SING THE CONSTITUENT percentage curve, 

Fig. 1, as a basis, a set of typical ultimate coal 
analyses were prepared for coals between 7,000 and 
14,000 B.t.u. per lb., in steps of 1,000 B.t.u., as shown 
in Table I. From these average analyses, a hydrogen 
loss chart was designed for the different B.t.u. value 
coals with varying exit gas temperatures as shown in 
Fig. 2; and a dry gas loss chart for the different coals 
with varying gas temperatures and excess air or CO, 
percentages, was designed, as shown in Fig. 3. 

While an ultimate coal analysis is required for 
hydrogen and dry gas loss determination, the mois- 
ture loss can be computed directly from the percent- 
age of moisture usually appearing in the proximate 
analysis. For this reason, Fig. 4 is designed for ob- 
taining the loss from a known percentage of moisture 
at final temperatures from 200 to 700 deg. F. and for 
coals of calorific values varying from 7,000 to 14,000 
B.t.u. 

We have the charts Fig. 2 and Fig. 3 for obtaining 
dry gas and hydrogen losses under known or assumed 
operating conditions, for coals of different calorific 
values. If we assume moisture percentages as indi- 


*Engineering Department, Strong-Scott Mfg. Co., Minne- 
apolis, Minn. Part I appeared in the March issue, page 130 
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COAL AS RECEIVED-THOUSANDS B.T.U. /LB. 
DATA FOR DETERMINING THE ULTIMATE ANALYSIS OF A 


eated in Table I; and if we compute the moisture loss 
for the different coals at the various exit gas tem- 
peratures; and combine this loss with the dry gas and 
hydrogen losses for the same conditions, we have all 
the determinable losses, having as variables the calor- 
ific value of the coal, CO, percentage, and final gas 
temperature. By subtracting the sum of these deter- 
minable losses from 100 per cent, we can construct 
a chart showing maximum theoretical efficiencies. Fig. 
5 is designed in this manner. From this chart, then, 
it is possible to read directly, the combined boiler 
and furnace efficiency that would be obtained in 
operation, assuming complete combustion of the fuel 
and neglecting radiation and unaccountable losses. 
By assuming these indeterminable losses, and sub- 
tracting their sum from the efficiency as read from 
the chart, the expected operating efficiency can be 
obtained. 


TABLE I—AVERAGE ULTIMATE ANALYSES AS RECEIVED 
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Conversely, knowing the boiler or furnace effi- 
ciency from an operating test, the sum of the indeter- 
minable losses can be ascertained by subtracting this 
efficiency from the theoretical efficiency taken from 
Fig. 5. 

Use of Fig. 5 for determining efficiencies will 
usually yield results within limits of a fraction of one 
per cent. This is especially true when dealing with 
coals having a heating value in excess of 12,000 B.t.u. 
In general, the higher the heating value of the coal, 
the less the magnitude of the error. Efficiencies when 
using coal of low ealorific value having ash and mois- 
ture contents approximating those shown in Table I, 
however, may be read directly from the graph, and 
the results obtained be still within the realm of 
reasonable tolerance. 

As a rule, a high inherent moisture content in coal 
is the principal cause of its low calorific value. The 
average ash content, as will be noted in Table 1, re- 
mains fairly constant throughout the range of fuels 
shown. Exceptions to this condition exist in coals hav- 
ing low calorific values by virtue of an abnormally 
high ash content, and in these cases the percentage of 
moisture is usually below normal, even when compari- 
son is made on an ash-free basis. When fuels of this 
nature are to be considered, it is desirable to use Figs. 
2, 3, and 4 for obtaining the determinable losses, and 
subtract their sum from 100 per cent to arrive at the 
theoretical maximum efficiency. The use of Fig. 5 in 
these cases would result in an appreciable error due 
to an exaggerated moisture loss. 

It will further be found that with high ash coals, 
the dry gas loss as determined by Fig. 2 will be less 
than the computed value. A compensating factor, 
however, exists in the fact that the hydrogen loss as 
read from Fig. 3 will be greater than the computed 
loss, owing to the relatively high available hydrogen 
eontent characteristic of high ash coals. Accordingly, 
the sum of the losses as read from Figs. 2, 3, and 4, 
will agree within a reasonable tolerance to the sum 
of computed losses. 

For the purpose of comparing the results obtained 


by computation and by the use of the charts in the 
preparation of a heat balance, the following analysis 
has been prepared for two Western coals of similar 
ealorific value, but of widely different ash and mois- 
ture proportions. Neither of these coals are similar 
in their constituent proportions to the ‘‘average’’ 
coals shown in Table 1, and their analyses represent, 
probably, as great a divergence from each other as 
may be met in practice. The problem will be to deter- 
mine the expected boiler and furnace efficiency with 
these coals at 300 and 700 deg. F. exit gas tempera- 
ture, fuel and air temperatures at 70 deg. F., CO, to 
be 14 per cent, and a total unaccountable loss of 4 
per cent. 

Ultimate analysis of thése two coals is as follows: 


COAL NO. 1 COAL NO. 2 
As Rec’d. Dry As Rec’d. 

71.04 52.77 
4.78 4.80 
17.95 14.28 
1.21 1.30 
-83 47 
4.19 26.38 
100.00 150.00 
5.84 
12343 9529 


Carbon, % 

Hydrogen, % 

Oxygen, % 

Nitrogen, % 

Sulphur, % 
h, % 


Total % 
% moisture 
B.t.u. per pound 


100.00 
22.57 
9557 
By computation, the following data is obtained: 
COAL No.1 COAL No. 2 
Computed dry gas weight at 14% COz . 
per pound dry coal 12.95 Ib. 10.19 Ib. 
COMPUTED HEAT BALANCE 
(at deg. F.) 700 300 
Dry gas loss % ke 15.87 5.57 


Hydrogen loss % 4.70 4.53 
Moisture loss % 3.18 Py 9 | 


23.75 
4.00 


27.75 14.81 25.34 
72.25 85.19 74.66 


100.00 100.00 100.00 100.00 


700 
15.24 
5.27 
-83 
Total accountable losses a. 
4.00 


10.81 
Assumed unaccountable losses, % 4.00 





Total losses, % 
Combined boiler and furnace eff., %.... 


Total, % 


In comparison with the above results obtained 
srtictly by computation, the efficiency as obtained 
from Fig. 5 for either coal follows: 

Pinal Gas Temperature 


Theoretical efficiency (Fig. 5) 
Assumed unaccountable losses 





700° 
77.0% 
4.0 





Efficiency, by difference 83.9% 73.0% 
The difference between the computed efficiencies 
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PER CENT LOSS DUE TO MOISTURE IN COAL (USE UPPER GROUP) 
7 . 


4 


3 
! 
200° 300° 400° 500° 600° 700° 0 i 


FINAL GAS TEMPERATURE 


5 6 


EXAMPLE: 
GAS.TEMP. 575° 
MOISTURE 234% 
COAL 7000 B.T.U. 
624 


EXAMPLE 
GAS TEMP. 600° 
MOISTURE 8% 
COAL 12,000 BTU. 

0.86% 


3 a 


PER CENT LOSS DUE TO MOISTURE IN COAL (use WITH LOWER GROUP) 


FIG. 4. LOSSES DUE TO MOISTURE IN THE COAL DEPEND ON THE EXIT GAS TEMPERATURE 


and those read directly from Fig. 5 exceeds 2 per 
cent in the case of the No. 2 coal at 700 final gas 
temperature. Hence, with coals differing widely in 
moisture and ash content from the graphic analysis 
shown in Fig. 1, it is advisable to resort to the use 
of Figs. 2, 3, and 4 in arriving at the determinable 
losses. By using these charts we obtain the following: 


COAL No.1 COAL No. 2 


Final Gas Temperature, deg. F 
Dry gas loss by Fig. 3 

He loss by Fig. 2, 

H20 loss by Fig. 4, % 

Assumed unaccountable losses 


Total 1oBMeS, %H..cccccvccccccccce 
Combined boiler and furnace eff., %.... 

Combined boiler and furnace efficiency 
by computation 
Difference in use of two methods 
Difference expressed in Per Cent 

In this comparison, as evidenced from the above, 
the percentage of error resulting from the use of 
Figs. 2, 3, and 4 is negligible, and certainly within 
an allowable tolerance. 

As an illustration of the accuracy of the results 
obtainable by the use of Fig. 5 alone, in determining 
total accountable losses when used for higher grade 
coals, the following analysis is submitted. The prob- 
lem is the same as in the previous case, that is, the 
determination of the total accountable losses at 14 
per cent CO, with an unaccountable loss assumed as 
4 per cent, and an exit gas temperature of 300 deg. 
and 700 deg. For this example we will assume two 
West Virginia coals, one of high volatile, and one of 
low volatile content. Their ultimate analyses follow: 
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High Volatile Coal Low Volatile Coal 
Dry As Rec’d. 

Carbon, % 9 * 80.96 83.88 
Hydrogen, % 5. 5.225 4.70 
Oxygen, % 6.60 5.62 
Nitrogen, % 1.455 1.25 
Sul -67 ° 

3.90 


5.03 


To “ ne 00 100.00 100.00 
Moisture, % . 43 3.08 
ise 14653 


B.t.u. per pound........ 


14473 
By eeenesica the yititnentinis data is obtained: 


High Volatile Coal Low Volatile Coal 
Dry gas weight per pound dry 
coal at 14 per cent CO2 14.73 
Compute Heat Balance at 700 
Dey y Red BIN, GU ss ivicielt.s-<-.008 5.62 15.38 
Hydrogen Loss, %........- ose. Ore 4.37 
Moisture Loss, %....... abs -20 23 


Total Computed Losses, % 9.57 19.98 
Assumed Unacceuntable Loss, % 4.00 4.00 


Total Losses, % 
Efficiency by Difference, %... 


From Fig. 5 we obtain the following maximum 
theoretical efficiencies with these coals: 


_—_ 


23.98 


86. a3 76.02 


High Volatile Coal Low Volatile Coal 


700 300 700 
80.15 90.90 80.40 


4.00 4.00 


Max. ther. efficiency, % 
Deducting assumed unaccount- 

able loss, 
Net efficiency | by difference, % 86.60 76.15 86.90 
Net computed efficiency, %... 86.43 76.02 86.89 
Difference in the two ‘meth-, 

ods, % Pe | 13 01 
Difference expressed in Per 

Cent ... 2 PG yf 01 


There is little need of greater accuracy in heat 
balance determination than obtainable by Fig. 5 when 
used for high grade coals, as evidenced by the above 
problem. 





PER CENT MAXIMUM THEORETICAL EFFICIENCY 
6. 3% 80 82 84 86 68 
T T T T T T T T 17 | 7 T 
EXAMPLE * GIVEN EXIT GAS TEMP. = 430° 
COAL 13,500 BTU. 
COa 14% 
THEN MAX. THEORETIC.EFF.= 879% 
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200° 250° 300° 350° 400° 450° 500° 550° 600° 650° 700° 
FINAL GAS TEMPERATURE 





FIG. 5. THE MAXIMUM THEORETICAL EFFICIENCY CAN 

BE FOUND FROM THE COz READING AND GAS TEMPERA- 

TURE. ABOUT 4 PER CENT MUST BE SUBTRACTED FROM 
THE RESULT FOR UNACCOUNTABLE LOSSES 


In pulverized fuel installations, the unconsumed 
combustible in the ash which settles on the furnace 
floor should not be greater than a trace. The uncon- 
sumed combustible passing through the boiler, how- 
ever, may be, in some instances, as high as several per 
cent of the furnace heat input, but in a well designed 
installation, this loss should not exceed one per cent. 
The essentials for a low combustible loss in pulverized 
fuel furnaces are: (1) Sufficiently high furnace tem- 
peratures; (2) ample length of flame travel, without 
short circuiting of any portion of the flame into the 
boiler passes; (3) complete and uniform mixing of the 
fuel and air stream, at, or before, entrance to the 
furnace. 

Percentage of unconsumed combustible in pulver- 
ized fuel firing will be greater for coals having a low 
volatile content, and this statement seems to hold true 
for all grades ranging from lignite to anthracite. As 
in stoker firing, the percentage of the unconsumed com- 
bustible loss, for obvious reasons, will usually increase 
as the rating increases. 


THE TEMPERATURE reached by an electrical resistor 
is governed largely by the thermal conductivity of the 
refractory material surrounding it and upon various 
factors in design. Anything interfering with the dis- 
sipation of the heat generated in the resistor raises its 
temperature. Values of from 8 to 20 watts per sq. in. of 
conductor area are used in most heating elements. This 
figure may go as high as 50 watts per sq. in. in immer- 
sion heaters. Generally, the lower the temperature the 
longer will be the life of the resistor. 
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Short Cut High Temperature 
Tests 


ESTS ON METALS at high temperatures have 

been going on for a number of years but the results 
of various investigators have not always checked, dis- 
erepancies and discordances being the result of inac- 
curacies in the methods of test, insufficient realization 
of the necessity for precise temperature control, too 
short periods of test and differences in supposedly 
similar material. Many of these difficulties will be 
eliminated by the tentative Creep Test Code formu- 
lated by the Joint Research Committee on Effect of 
Temperature on the Properties of Metals, an agency 
sent up by the A.S.T.M. and the A.S.M.E. to deal with 
this problem. 

Need exists, however, for tests which provide a 
quicker return than the standard creep tests. Various 
short cuts have been suggested but so far no definite 
relation has been found in the short-time and long- 
time tests. Correlation of these two was one of the 
original purposes for which the American Joint Com- 
mittee was formed. They are now considering a cor- 
relation program of creep tests to continue for three 
years under the new tentative code. If sufficient de- 
mand from industry exists these same materials will 
be subjected to various accelerated or short-cut meth- 
ods that have been proposed. From these methods 
the rate of creep for three years would be predicted 
according to the procedure used by the proponents of 
each method, later compared with the actual results 
of the three year test. Simultaneous correlation of the 
two methods would therefore be available from the 
same material at the same time. 


Program WILL BE Carriep Out Ir SuFFiciENT 
INTEREST Exists 


Such a program will involve considerable expense 
and cannot be undertaken without assurance of suffi- 
cient interest and support to make its completion cer- 
tain. It is therefore suggested that designers and 
users, as well as producers of alloys for high tem- 
perature equipment, write to the Secretary of the 
Joint Committee, N. L. Mochel, Westinghouse Electric 
& Manufacturing Co., Lester Station, Philadelphia, 
Pa., indicating their interest in such a correlation pro- 
gram. Should the program not be sufficiently welcome 
to the industry concerned so that a definite desire for 
its pursual is registered with the committee, the project 
will not go forward. 


InpustRiAL UsEs of Stainless Steel was the title of 
a talk delivered before a meeting of the American 
Society of Mechanical Engineers at Cincinnati, Ohio, 
November 23, by C. C. Snyder of the Central Alloy 
Division, Republic Steel Corp., Massillon, Ohio. Prefac- 
ing his address with a brief history of the develop- 
ment of stainless steel, Mr. Snyder then divided the 
present large number of different types of stainless 
steel into the proper main groups, giving their general 
characteristics and properties. The latter part of the 
talk stressed the rapidly increasing use of stainless 
steel in various industries, such as building, meat pack- 
ing, brewing, automotive and the chemical and allied 
industries. 
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Fundamentals of Power Plant 


Piping Design 


Part I. In this First Article of a Series of 
Three, the Author Discusses the Prelimi- 
nary Considerations Necessary to Pro- 
ceeding with the Actual Design Layouts 


By Henry C. Moffett* 


EATURES of piping design in their broader sense, 

involving as they do the choice of materials and 
construction methods for the many services, frequently 
require more time and study than the actual design- 
ing of details and the drafting of layouts.. Back of 
final drawings and sets of specifications may be months 
of study and painstaking tests, spent to discover which 
of the many materials offered in the market, should 
be chosen as the most suitable. 

Designers must always be ready to discard per- 
sonal prejudices, and to accept new facts, when ex- 
haustive tests have shown old methods or materials to 
be obsolete in the light of new discoveries. Every 
new project presents some new conditions, and these 
require new decisions. 

New methods of doing things are being discovered 
constantly which are distinct advances in the art, and 
all designs must keep abreast with the times. By 
study and practice he must know what is best to do 
in every case that comes up. Before designs are 
started, materials that are to be used must be decided 
upon, and the methods of construction and erection 
determined and specified. 

There are many things which may influence a de- 
sign. At times the whole arrangement may be chosen 
strictly from the standpoint of appearance. For in- 
stance, when large pipes are necessary that cannot be 
laid underground and hidden from view, but must be 
erected in some prominent place, it is necessary to 
dress up the supporting members, and make sure that 
the layout is as pleasing to the eye as is possible. In 
some eases, clearances for headroom, especially in a 
crowded or compact power house design, will have a 
great influence on the design, and great ingenuity 
is called for to solve some of these problems. 

It is quite a common thing for a high pressure 
steam line to be influenced in its design by many con- 
siderations which would not have to be taken into 
account for lines carrying low pressure and low tem- 
oerature fluids. This is because it is necessary to 
allow for expansion and contraction, and to provide 
for the proper drainage of condensate which may form 
in the line, and to use much heavier materials in the 
line proper as well as at the joints, and to leave room 


for a considerable thickness of insulation. It also. 


becomes necessary to consider anchorages, and in some 
eases spring hanging. 


*All righes reserved by the author, 
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Important steam heating lines, which radiate from 
central heating plants, such as those on a college 
campus, are usually run underground for the sake of 
appearance, whereas such lines in refineries, where 
appearance does not matter so much, are erected on 
poles or towers. 


SERVICE OF THE LINE 


In power plant piping design work, the piping falls 
into fairly well defined groups. Each group may be 
considered as a separate part of the work, for the 
decisions, choices and treatment of the lines in each 
group will hold throughout with very few exceptions. 
It is the service that each line is designed for that 
places it in a particular group, and the conditions of 
pressure and temperature, together with the kind of 
fluid to be conveyed, if approximately similar, deter- 
mine the group. 

Each line should be separately studied, even 
though it appears to fall into a well known group, 
and if found not to conform in all respects to the 
conditions of that group, it should be specified and 
treated separately. 

Occasionally it is not possible to set down all of 
the final conditions of a given line, for it may be found 
necessary to make several preliminary layouts and 
preliminary estimates of cost in order to determine 
which of the the several possible methods of construc- 
tion would be the most economical. For example, 
high pressure steam lines are sometimes required be- 
tween distant buildings in a factory, or between 
power houses in the same group of factory buildings. 
Two general methods are to be compared, the over- 
head line on towers and the underground line in a 
tunnel or trench. Appearance in such cases is not a 
major consideration, hence the decision is based on 
cost and utility. If streets are to be crossed, the 
problem is more involved, as there are always certain 
laws or ordinances to be looked up and observed. If 
a railroad track must be crossed, permission must be 





obtained from the officials of the railroad company, 
and frequently the company has special designs which 
must be followed in the layouts of such crossings, 
based on their experiences or the ideas of their en- 
gineers. 

Comparisons of cost of overhead and underground 
pipelines will differ with the natural conditions of the 
landscape, with the general climate, and with the costs 
of materials at the time the estimate is made. The 
kind of soil, especially if rock is encountered may 
make a very large difference. Proposed lines may 
require a survey of the courses that are possible, and 
sets of levels, so that contours of each course may be 
studied. It is also good practice to have a series of 
test pits dug along a proposed route, if accurate esti- 
mates are to be made for cost comparisons. 

The contour of a line, which would be quite uneven 
if laid underground in a hilly location, could be made 
approximately straight if erected on towers of vary- 
ing heights. Even at a higher first cost it is some- 
times more economical to keep the line straighter and 
shorter, as it requires less pipe and therefore cuts 
down the pressure drop. This is especially true of 
high pressure steam lines. Water lines and gas lines 
on the other hand, are practically always laid under- 
ground, as the problems of providing for expansion 
and contraction, and the importance of pressure drop 
are not so great. 


Piping D1aAGRAMS AND MATERIALS CHARTS 


It is not always possible to start off a design with 
all of the preliminary questions out of the way, but 
it is good practice to have these settled as early as 
possible, and all decisions tabulated and charted for 
the detailing designers to follow. One of the best 
ways to keep these important matters constantly be- 
fore those who must make the final decisions is to 
prepare comprehensive piping diagrams and materials 
charts, and keep them up-to-date. 

As has been pointed out in previous articles, such 
piping diagrams help to clarify the ideas that engi- 
neers may have in regard to the problems at hand, 
and serve as proving grounds for those ideas. They 
also act as an urge to hasten decisions, and eliminate 
Aoubts from the minds of the detailers as to the intent 
of the designs. Diagrams are easily constructed and 
altered, but should be carefully made. When all data, 
such as pressures, temperatures, pipe sizes and notes 
regarding special features are incorporated, they act 
as a definite guide for those men who must work out 
the final details. 

Diagrams should be made on tracing cloth or trac- 
ing paper so that blue-prints may be distributed to all 
parties interested. From time to time, as the detail 
design progresses, these diagrams should be made to 
conform to all changes made in the final drawings and 
layouts, for the final diagrams are a great help to all 
field men and operators, as they are often essential to 
them in gaining a mental picture of the entire piping 
system and the relation of one line to another, espe- 
cially if the design is complicated. 

A modern power plant requires a wide range of 
piping systems, from those conveying very hot steam 
at high pressures to those through which cold water 
or air flows at atmospheric pressure or in a vacuum. 
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These varied requirements should be symbolized on 
all diagrams, by lines of different thicknesses, or by 
dotted or dashed lines. In addition to these differen- 
tiations, some engineers employ the use of colored 
pencils on the prints of the piping diagrams, in order 
to make the various functions perfectly plain at a 
glance. 

Many attempts have been made to standardize the 
symbols used on piping diagrams for the various parts 
and equipment, and some excellent legends have been 
worked out and used by the trade, but in any case, 
whether the symbols are generally known and used 
or not, nothing can take the place of reference notes 
for clarity, and a legend column for certainty of 
specification. 


GENERAL DESIGN OF THE LINES 


It is impractical to try to show everything on 
piping diagrams unless the systems or pipe lines under 
consideration are simple. In such cases the specifica- 
tions for these can be covered concisely in a few words 
and symbols. Since most lines in a power plant are 
quite long and in many eases quite complicated, it is 
often found necessary to put only the simplest data 
on the diagrams and to make up a separate sheet or 
set of sheets, on which the material to be used is desig- 
nated by groups. These materials charts are made up 
in many forms, but the simplest charts consist of ruled 
columns with headings for such items as ‘‘Kind of 
Pipe,’’ ‘‘Kind of Valves,’’ ‘‘Flanges,’’ and ‘‘Gaskets,”’ 
and these are filled out for each system as it becomes 
known what decisions have been made for each item. 
These charts may be later incorporated in the general 
set of specifications. 

The first and most important item for each line is 
the kind of pipe to be used. The higher the pressure 
and temperature, the more important this question 
becomes. Some new and important alloy steels are 
now on the market, and each has its field. It is the 
designer who must choose the material that will func- 
tion the best and still not cost so much as to make its 
use prohibitive. Some alloys are manufactured to 
withstand high pressures, and these have high tensile 
strengths as well as great toughness, so that thinner 
wall pipe may be used. Others are made to resist high 
temperatures as well as high pressures. Such alloys 
are quite costly, but permit a great saving to be made 
in the use of steam in the higher ranges. 


CHOICE oF JOINTS 


Next in importance is the kind of joints and the 
general construction of the line. It must be definitely 
decided for each system and group, whether the joints 
are to be of the screwed type, the flanged type or the 
welded type. Usually such questions are not trouble- 
some, unless we go modern and specify welded joints 
throughout. Then it must be further decided the kind 
of welding joint to use, and many other construction 
features. 

As to the general construction of lines, there are 
many conflicting opinions among engineers and de- 
signers. As a consequence, there has recently sprung 
up a wide variety of offerings by manufacturers, all 
of which are distinct advances in the art of piping 
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design. Most of these new features are for use in 
welded lines, and it is now possible to construct some 
high pressure lines by welding the joints, which only 
a few years ago would have been out of the question. 
This is both because the art of welding has made great 
strides and the welding materials are much improved, 
and also because by the use of special welding bends, 
the problem of the strain at joints has been largely 
eliminated. 


WELDED Firtines 


General design of welded lines will depend on 
decisions made as to the use of one or another kind 
of welding bends. Some are corrugated and some 
creased. Others are plain smooth bends with long 
tangents. The use of these specials cuts the cost of a 
line down and makes possible some installations which 
would otherwise not be possible on account of inter- 
fering fittings and flanges. Smaller radii may be used 
where the creased or corrugated type of bend is in- 
corporated. 

If, in the general design, it has been decided to 
use flanges for all important joints, the question is 
only half answered, since there are a number of 
flanged joints, many of which are standard and some 
of which are special. The details of the standard 
flanges are well known, since they are tabulated and 
published by the standards association, but the details 
of special flanges may vary. Some special flanges with 
welding tips are patented. The decision as to the 
kind of flanges to use, also affects the flanged fittings, 
as the face to face dimensions of such fittings are not 
the same for all kinds of flanged joints. 

In general, if flanges are chosen which have weld- 
ing tips, then no gaskets are required, but if the raised 
face type is decided upon then the proper kind of 
gasket for that service must be specified in detail. 
In carefully designed high pressure work, even the 
thicknesses of such gaskets is taken into account in 
the fabrication of the component parts of the line as 
expansion is so important. 


FLANGE Bout MATERIALS 


The materials chart should also show the kind of 
bolts and nuts that are to be used on all flanged joints. 
A volume could be written on this subject, as there 
are a great many kinds of bolts offered, and probably 
as many kinds of nuts. Engineers as well as manu- 
facturers have run tests on bolts and nuts for years, 
and metallurgists have vied with each other in pro- 
ducing materials for these items which would have 
all of the desired characteristics. Many are now con- 
sidered standard in practice, and many others have 
special applications. 

It is important that the materials chart contain 
detailed information on all the parts of each line or 
system. If the line or system falls into a general 
group, then the group must be specified in detail, so 
that all lines are covered. Frequently, the specifica- 
tion of a line will change with the change in size, as 
for instance, when the size is below 1 in. or 1% in. 
It is well known that smaller lines may be safe when 
screwed fittings are used for a given condition, 
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whereas with larger sizes, screwed connections would 
be unsafe. Large screwed connections are hard to 
disconnect, and in some cases impossible without de- 
stroying fittings. This fact may influence the designer 
in his choice, especially if the line is one that may 
have to opened at times for inspection. 

Actual preparation of piping diagrams and mate- 
rials charts, may not always be just the jotting down 
of decisions as they are made, for it is often the case 
that engineres must go back to the flow diagrams and 
heat balance diagrams, and by skillful planning evolve 
a tentative piping scheme. It is sometimes necessary 
to evolve several such schemes and then choose the 
one most suitable as a working basis. From these, a 
comprehensive plan can be worked out and a piping 
diagram presented for discussion, and it is this feature 
that makes the design of piping for power plants so 
difficult, for the entire answer as to what is best in 
each case is rarely reached until the last piece of pipe 
is erected in place, and even then, parts are often 
scrapped and replaced because some one had a bright 
idea. 


Largest Single-Phase Waterwheel 
Generator 


THE LARGEST SINGLE-PHASE waterwheel generator 
ever built in this country is to be constructed at the 
Schenectady works of the General Electric Company, 
for use in connection with the electrification of the 
Pennsylvania Railroad. Rated at 35,000 kv-a., it is 
being supplied to the Safe Harbor Water Power Cor- 
poration. The unit is to be delivered and erected 
prior to November 15. 

The locomotive motors require 25-cycle single- 
phase power. Usually the power is generated by three- 
phase 60-cycle generators and changed to 25-cycle 
single-phase current by frequency converters. In this 
ease the new generator will be designed to produce 
the required type of power, thus saving conversion 
losses which average more than five per cent. It will 
operate at 100 r.p.m. 

Also for installation at Safe Harbor, the General 
Electric Company is building four 20,000-kv-a. single- 
phase transformers at its works in Pittsfield, Mass. 
These are to be delivered by September 1. They will 
be among the largest ever built at Pittsfield, and are 
comparable to a number of similar units made more 
than a year ago, likewise for the Pennsylvania Rail- 
road electrification. The transformers, weighing about 
160 tons each, will raise the voltage from 13,000, the 
generation voltage, to 132,000, for transmission. 

The hydroelectric generator and transformers are 
required by the Safe Harbor Water Power Corpora- 
tion to prepare for delivery of power to the Pennsyl- 
vania Railroad, which has announced that work on 
completion of the electrification of its lines between 
Wilmington and Washington is to be resumed as soon 
as practical. 

A high-tension transmission line will connect the 
Safe Harbor station to the Pennsylvania Railroad’s 
own high-tension lines at Perryville, Md. The gener- 
ator represents approximately a half million dollars 
and the transformers more than a quarter of a mil- 
lion dollars. 
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Steam Jet or Centrifugal Vacuum 
Refrigeration Has Wide Field of 
Industrial Application. Vapors 
Other Than Water May Be Used 





URIOUSLY ENOUGH the first refrigeration ma- 

chine was of the vacuum type. It was invented 
by Dr. William Cullen in 1755. This consisted of an 
air pump for exhausting a receiver wherein water, 
ethyl alcohol, nitrous ether, and other fluids were 
evaporated under vacuum. Cullen’s work was never 
carried beyond the laboratory stage. In fact it was 
only after 80 yr. that the American, Jacob Perkins 
applied Cullen’s discovery in a compression system 
using ethyl ether. Development of water vapor re- 
frigeration has depended on the development of com- 
pressing units capable of sweeping very large vol- 
umes of low density vapor. These have taken two 
forms: the steam jet booster and the centrifugal com- 
pressor. 

Steam jet refrigeration consists of apparatus in 
which the water vapor boiled off at low pressure is 
compressed by ejector action of a steam jet and dis- 
charged at a pressure high enough to permit conden- 
sation by water of ordinary temperature. In addi- 
tion to the steam jet booster, the apparatus consists 
essentially of an evaporator and a condenser with 
auxiliary air pump. The water to be cooled is sprayed 
into the evaporator. If the water enters at 55 deg. 
F. and the absolute pressure within the evaporator 
is maintained at 0.36 in. of mercury, which corre- 
sponds to a boiling point of 50 deg., then it is obvious 
that evaporation must take place until the water is 
cooled to 50 deg. F. Tables of the properties of steam 
or water vapor show that the amount of evaporation 
is approximately one half per cent to obtain 5. deg. 
cooling. The evaporation loss is replaced by make-up 
water supplied from an outside source or by the re- 
turn of condensate from the main condenser. 

For each pound of water evaporated, about 3 lb. 
of steam must be used in the booster jet and accord- 
ingly the total discharge of compressed steam and 
vapors amounts to about 4 lb. The foregoing figure 
for steam consumption is used for illustration only; 
the actual quantity of steam will vary widely with 
existing conditions. 

The capacity of a given booster ejector, that is the 
pounds of water vapor or other gas, drawn in and 
compressed at fixed suction pressure is approximately 


*Ingersoll Rand Co., New York, N. Y. From a paper presented 
before the A.I.C.E. 
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Vapor Refrigeration 
System Characteristics 


By Paul Bancel* 


constant regardless of the amount of steam being 
used. This fact is usually hard to grasp. Figure 1 
shows a typical characteristic at normal steam flow. 
The capacity at 50 deg. F. for example is 100 t., if 
now the steam pressure on the jets is raised 25 Ib. 
and the steam flow in proportion, the capacity at 50° 
deg. F remains 100 t. It should be emphasized that 
reference is made to a fixed booster which is operated 
with steam at different pressures, not to a series of 
boosters designed for the different pressures and 
steam flows. 

A steam jet refrigerating unit has large reserve 
capacity. A small increase in chilled water temper- 
ature, say, to 55 deg. F. results in a tonnage of 120 
per cent, as can be seen from Fig. 1. In general, 
there is a reserve of between 4 and 5 per cent degree 
increase in temperature. This is to be contrasted with 
the decidedly limited overload capacity of the con- 
ventional mechanical plant. 

A refrigerating plant must not only cope with 
heavy tonnage demands but also excessive head or 
back pressures due to extremely hot circulating water. 
At such times a mechanical unit requires excess power 
and falls off in tonnage produced or for full tonnage 
produces higher chilled water temperatures. 


PERCENT CAPACIT 
oa 
°o 


2 3 4 5S 
INLET PRESSURE — INS. HG. ABS. 
i i 1 i 1 L 1 
32 40 45 50 SS 60 265 
CORRESPONDING WATER EVAPORATION TEMP F. 
FIG. 1. CAPACITY CHARACTERISTICS OF STEAM JET 
BOOSTERS 
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A 5 deg. increase in condensing water temperature 
and an increase of a corresponding amount in head 
pressure, will increase power consumption, the exact 
amount depending on the design and refrigerant 
used; at the same time the reduction in tonnage due 
to reduced volumetric efficiency and increased heat 
of liquid will be appreciable and to restore full ton- 
nage the increase in chilled water temperature may 
be several degrees or more. Under similar conditions 
of excess back pressure a steam jet unit may fail to 
function entirely. This characteristic is inherent in 
the nature of compression by kinetic action. 

If the condenser is designed for 85 deg. water and 
2 in. back pressure an increase to 90 deg. F. would 
reduce the vacuum, or increase the back pressure to 
2.3 in. With 0.36 in. evaporator pressure the ratio of 
compression demanded of the booster is thus in- 
creased from 5.5 to 6.35, which is beyond a commercial 
leeway of design. The steam jet booster will therefore 
break back, that is, it will be unable to compress its 
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FIG. 2. BACK PRESSURE CHARAC- 
TERISTICS OF STEAM JET BOOSTERS 


own burden or even a small quantity of vapor through 
the new and higher range of compression. This in- 
stability will continue until the evaporation pressure 
has increased by a relatively large amount and the 
chilled water temperature is 10 or 20 deg. F. hotter. 

Reserve against instability or failure of this type 
lies in an increase of steam pressure. As shown in 
Fig. 2 every increment in steam pressure results in 
a corresponging increase in back pressure against 
which the booster jet continues efficient operation. 
An increase from 125 to 150 lb. ga. results in stable 
operation of the jets against a back pressure of 2.3 
as against 2 in. The steam flow is increased about 
17 per cent. The chilled water temperature may now 
be increased about 214 deg. F., and under this condi- 
tion the tonnage is increased by about 10 per cent. 

The unit therefore has a desirable characteristic 
of increased tonnage capacity under conditions of 
extremely hot condensing water and high back pres- 
sure which are most likely to coincide with heavy 
tonnage demands. The heat load, however, has been 
increased by the added steam flow and also slightly by 
the added tonnage and the condenser therefore would 
not produce the back pressure of 2.3 in. unless it were 
designed to do so. A larger quantity of water so as to 
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FIG. 3. VOLUME CHARACTERISTICS 
OF A CENTRIFUGAL VAPOR UNIT 


- maintain the same temperature rise, and additional sur- 
face in the condenser as originally installed, would 
combine to take care of these peak conditions. 


CENTRIFUGAL REFRIGERATION 


In the centrifugal unit a centrifugal compressor of 
large capacity takes the place of the steam jet boost- 
ers. The heat discharged to the condenser is therefore 
only the refrigeration load, plus the work of the com- 
pressor as with the ordinary refrigerating cycle. An 
enormous volume of water vapor has to be com- 
pressed to a pressure compatible with ordinary con- 
densing water supplies. Since there is no burden of 
steam load as with steam jets a somewhat better 
vacuum or lower back pressure can be expected with 
the centrifugal machine, the possible discharge pres- 
sures being 11% to 2 in. abs. (28 to 2814 in. vacuum). 
While these pressures may appear low, the ratio, 
compared to a suction pressure of say 0.36 in., is 414 
to 6 times. 


CHILLED WATER TEMP -°F 


A- RATED CONDENSER WATER TEMP. 
8-S* COLDER CONDENSER WATER TEMP. 
(C-S* HOTTER CONDENSER WATER TEMP. 


REFRIGERATING LOAD-% FULL LOAD RATING 


FIG. 4. TONNAGE CHARACTERISTICS 
OF A CENTRIFUGAL VAPOR UNIT 


as 


The compressor is set upon a base which also 
forms the evaporator and the condenser is attached 
to the compressor discharge, thus producing a com- 
pact simple assembly. Standard sizes ranging from 
50 to 300 t. are available. Speeds are from approx- 
imately 7000 to 10,000 r.p.m. depending on size. 

Brake horsepower requirements of these units in- 
volve many factors of design and proportion; of 
these the efficiency of the compressor itself is prob- 
ably most important, and there can be no question 
of the fact that a centrifugal compressor is usually 
less efficient than a reciprocating machine. This, 
however, is offset in this instance by the lower theo- 
retical power. As a result the brake horsepower re- 
quirements of the centrifugal unit may be said to 
compare favorably with any type of refrigeration, 
frequently being less. 


OPERATING CHARACTERISTICS 


The centrifugal water vapor unit differs funda- 
mentally from all other types in its part load char- 
acteristics. In general, the centrifugal unit is ope- 
rated at constant speed. Under this condition and 
without any other adjustments, reduced tonnage is 
automatically reflected in reduced power, approxi- — 





mately in proportion to the tonnage. The unit sim- 
ply floats on the load. 

Figure 3 shows a typical volume characteristic of 
a centrifugal compressor: as the volume decreases 
the ratio of compression increases, and over the de- 
signed range there is a flat efficiency curve. The 
power is shown by line P; at part volumes the brake 
horsepower decreases but not proportionately. A sec- 
ond line P, below P shows the power for vapor of 
lower density. Within limits, a decrease in density at 
fixed volume results in an equivalent reduction in 
power. Now, with decreasing load, a change occurs 
in both volume and density but for simplicity they 
can be considered as if there were two distinct phases 
or steps. 

First a decrease in volume proportionate to the 
decrease in load as from A to B. The power then 
decreases along the curve P from point A to B. 
Second, a decrease in density and increase in specific 
volume which now increases the total volume to in- 
termediate value C. Due to the lower density, how- 
ever, the power is now determined by lower line P, 
and the absolute value at C is less than at B. Three 
factors; greater compression ratio available; lighter 
heat load on the condenser and colder condensing 
water, singly or combined, tend to reduce suction 
pressure and density. 

Characteristics plotted against tonnage are shown 
in Fig. 4. Condensing water quantity is maintained 
constant for all three curves of each group; in each 
group the center line corresponds to rated maximum 
condensing water temperature, the upper one an ex- 
treme maximum 5 deg. F. hotter and the lower one 
an average 5 deg. F. lower. Horsepower and chilled 
water temperature are seen to be approximately 
parallel straight line functions of the tonnage. 

As with the steam jet unit only a small increase 
in chilled water temperature occurs at overloads. 
Figure 5 shows the comparison of the characteristics 
of the conventional refrigerating machine with the 
centrifugal water vapor type. Reserve capacity 
against excessive temperature of condensing water 
with the centrifugal vapor unit has already been 
shown by Fig. 4 in which lines C are for hot water. 
The effect of a 5 deg. F. increase in condensing water 
temperature is a corresponding increase in condensing 
pressure which is reflected in higher absolute pressure 
in the evaporator. This increase in suction pressure 
reduces the vapor volume, however, and the ratio of 
compression attainable increases; this - counteracts 
severe increase in evaporator pressure and temper- 
ature. The chart shows the increase in chilled water 
temperature for 5 deg. F. excessive condensing water 
temperature and it is particularly noticeable that the 
spread actually decreases at the heavier loads. The 
horsepower curves also tend to converge. 


APPLICATION 


Standard steam jet or centrifugal machines are 
not designed for cooling brine or for producing freez- 
ing temperatures. Temperatures from 35 deg. F. up 
can usually be obtained but in general low temper- 
atures should not be specified except for part load. 
A chilled water temperature around 50 deg. F. is the 
normal rating of water vapor units. While the over- 
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FIG. 5. OVERLOAD CHARACTERISTICS OF A CENTRIFUGAL 
WATER VAPOR UNIT VS. A FREON OR AMMONIA UNIT 


load characteristics are remarkable and highly val- 
uable, the author wishes to emphasize strongly the 
futility of underestimating operating conditions in 
the expectation that any machine can make up for 
the user’s carelessness in selection. Tonnage can be 
rated closely, but should not be underestimated. 

Maximum condensing water temperature should be 
definitely anticipated and ‘specified; this .is particu- 
larly true with cooling towers and ponds which in 
the author’s experience tend to be rated on more 
favorable wet bulb temperatures than may actually 
prevail for appreciable periods of time. This is all 
the more important if the greatest tonnage is most 
likely to occur at times of extreme atmospheric con- 
ditions, thereby producing cumulative effects. 

Highly attenuated vapors other than water vapor 
ean be compressed by either steam jets or centrifugal 
boosters; it must be remembered, however, that the 
discharge pressures are still relatively low, 144 to 2 
or 214 in. and that they are attained by condensation 
so it is generally necessary to confine applications to 
econdensible vapors. It is the author’s belief that 
other applications besides water vapor refrigeration 
are possible in many industrial processes where it is 
desirable to raise the pressure and heat level. One 
such application is in low temperature evaporation 
where vapor can be recompressed and returned to 
the system. 


AN ANALYsIs of non-Federal allotments as of Janu- 
ary 10 showed that waterworks, sewers and schools 
topped the list in number, although projects classified 
as bridges and structures headed the list in size of 
allotments. A summary of this survey follows: 


Allot- 
ment 

$ 66,666,972 

133,964,260 
62,548,539 
40,468,935 

163,530,245 
27,415,794 © 
26,297,870 
27,258,900 
48,771,958 
2,371,620 


Per- 
centage 
10.6 
21.3 


Character Number 
Waterworks 

Sewers 

Schools 

Streets & highways 
Bridges & structures 
Hospitals 

Other buildings 
Power 

Housing 

Recreation 
Miscellaneous 


improvements 28,664,505 


$627,959 ,598 


Totals 
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Automatic Reclosing of 
— Oil Circuit Breakers 





HE RECLOSING OIL Circuit Breaker is a device 

which can greatly improve the quality of service on 
any system subject to occasional fault. Where ordinary, 
non-re-closing circuit breakers are used, the occurrence of a 
fault usually means a temporary interruption of service, 
since the circuit breakers trip out and must be re-closed by 
the operator who may or may not be in the immediate 
vicinity. With the re-closing type of breaker, this is accom- 
plished automatically and if the fault persists, the breaker 
will try to restore service several times before it finally 
locks out or clears the fault and remains closed. In this 
article which is an abstract of a paper presented at the 
winter meeting of the American Institute of Electrical Engi- 
neers in New York, Jan. 23-26, the author discusses this 
type of equipment and its application. 





HEN A FAULT occurs on an electrical circuit, 

the first requirement to be met is that of isolating 

that portion of the circuit from the rest of the circuit 

breaker. This function is performed automatically by 
the automatic oil or air circuit breaker. 

Once the faulty section of the line is removed, the 

dielectric in the path of the fault, except in case of a 

solid ground or short, recovers its insulating proper- 


ties and, as a rule, the isolated portion of the circuit, 


may be reconnected to the source of power. 

Before the development of reclosing breakers, this 
‘‘reconnection’’ was accomplished by the operator, 
who, unless the breaker opened immediately closed 
it again by hand. 

In case, however, that the fault path had not recov- 
ered its insulating properties, the circuit breaker was 
provided with a trip free mechanism, which immedi- 
ately opened the breaker again, despite the fact that 
the operating lever was still in the operator’s hand 
and in the closed position. 

In the modern reclosing circuit breaker, these 
operations are all performed automatically and initi- 
ated by the fault current. When the fault occurs the 
breaker opens instantly. Then, after a suitable pre- 
determined interval, the breaker closes automatically 
and if the fault still persists, it will open again at 
once. This may be repeated another time after which, 
if the fault continues to exist, the breaker is finally 
“‘locked out’’ in the open position. 

As a rule, however, most faults clear themselves 
after the first opening of the breaker, and the breaker 
remains closed after the first reclosure. During 1931, 
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General Electric Company 


the Alabama Power Co., Georgia Power Co., Tennessee 
Electric Power Co. and the West Penn Power Co. 
made a systematic study of the percentage of such 
successful reclosures. During this period approxi- 
mately 2900 initiating operations were observed with 
the following percentages of successful reclosure and 
lockouts. 


Reclosure Breaker Remained Closed 


Automatic reclosing breakers have been in general 
use for about 12 yr. A majority of the applications 
fall in the 2300-4600 v. class, with a maximum of 
154 kv. 

- A greater part of the earlier installations were 
made on feeders on which lighting load predominated. 
A commonly accepted reclosing cycle was 15—30—75 
sec., this cycle continuing in use up-to the present time. 
The 15 sec. interval was an arbitrary choice and repre- 
sented a marked improvement over previous’ manual 
reclosing, sufficing as a minimum value for several 
years. The remaining intervals were also arbitrarily 
chosen with some consideration towards lessening the 
duty on the oil circuit breaker in case of successive 
operations. 

Occasionally the questions is raised concerning the 
possibility of automatically measuring the impedance 
of an a.c. feeder in order to determine whether or not 
the breaker should reclose. Such equipment for a.c. 
circuits has been built and tested but the results were 
not successful from an economic point of view due to 
a number of reasons. For example, a large part of 
the load on the conventional a.c. circuit consists of 
lamps whose cold resistance may be only 10 per cent 
of the hot resistance. If a small load indicating or 
load measuring current is used it is difficult to dis- 
tinguish the difference between a short circuit and a 
useful load. Soon after a.c. reclosing equipment began 
to be applied more generally, it was found that from 
75 to 90 per cent of the openings of breakers were caused 
by transient faults that disappeared after the first, 
second or third opening. 


Factors INvoLvED IN SELECTING REcLOsING EQuIPMENT 


The improvement in service resulting from the use 
of immediate initial reclosure cannot be obtained with- 
out first taking into consideration some conditions 








which are of secondary importance when time delay 
initial reclosure is employed. The first of these fac- 
tors, of course, is the cause of the outages. On over- 
head a.c. systems these for the most part are of a 
transitory nature and as a rule can be cleared by re- 
moving the voltage long enough to extinguish the are. 


The next factor is the induction and synchronous 
motor load on the system. During the period that 
the fault exists and the circuit breaker is in the open 
position, any motor connected to the feeder will in all 
probability be operating at reduced or zero voltage. 
This will retard the speed and may be ruinous to cer- 
tain products in manufacturing industries. Even 
though the product is not affected, there may be cases 
where the motor cannot return to normal speed when 
the feeder voltage is restored. In many instances, 
however, the products are not affected and intervals 
of 2 to 4 seconds have been encountered without ill 
effects. Generally speaking, induction motors will 
return to normal speed from any reduced value, inas- 
much as their load usually is connected directly from 
standstill to normal operating speed. However, the 
longer the de-energized period the greater the de- 
crease in speed resulting in higher inrush current. 


Synchronous motors will not necessarily pull their 
load back to normal speed after a voltage interrup- 
tion. Their ability to return to normal speed under 
this condition depends largely on pull-in torque and 
load characteristics. Those motors (50 to 60 per cent) 
that can resynchronize under load from any decrease 
in system voltage or from sub-normal speed, will, in 
all probability require automatic field removal and re- 
synchronizing equipment. Such equipment is readily 
available. Those motors (40-50 per cent) that cannot 
resynchronize under load from any decrease in system 
voltage or from sub-normal speed, will, in all prob- 
ability, require automatic field removal and resyn- 
chronizing equipment. Such equipment is readily 
available. Those motors (40-50 per cent) that cannot 
resynchronize due to torque or load characteristics 
will require in addition suitable unloading features. 


Although in some instances synchronous motors have 
remained connected after an interruption without the 
use of the above equipment, such occurrences usually 
can be accounted for by certain load conditions or the 
presence of sufficient reactance in the system to absorb 
the out of phase current. Synchronous motors (due 
to a small amount of stored energy) pull out of step 
rapidly when carrying full load. Under this condi- 
tion they can stand complete loss of voltage for only 
2.5 to 5 eyeles and still remain in synchronism. The 
restoration of normal operating voltage within this 
extremely short period is not available with present 
equipment. Furthermore a period of 2.5 to 5 cycles 
without voltage may not be long enough to allow the 
dielectric in the path of the fault to recover its insu- 
lating properties to a degree that will permit success- 
ful re-establishment of normal operating voltage. 


Synchronous motors (and condensers) tend to 
maintain arcs caused by the fault. Obviously the 


duration of these ares will affect the choice of suitable 
reclosing equipment. 

Lighting loads impose no particular problem in 
connection with immediate reclosing. 
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A-C_CONTROL BUS 





Circuit for immediate 
initial reclosure. De- 
vices shown in position 
following opening of 
oil circuit breaker but 
prior to immediate re- 
closure. 




















9 A-C CONTROL BUS 
When breaker trips 152 b-2 closes, energizing 179 auxiliary 


(“anti-pump” or “set-up” relay), releasing BA and ED and clos- 
ing BC and EF; 179 auxiliary closes and seals itself in. BC in 
closing completes circuit to 152-X and its rectifier, through 
latch-checking switch. Then 152-X picks up, energizing 152, clos- 
se through its rectifier. EF in closing seals motor circuit 
o X. 


Undervoltage devices on motor controllers, how- 
ever, require consideration. If service conditions are 
to be improved by quick re-establishment of voltage 
these devices must not disconnect the motor controller 
during the reclosing period. Instantaneous under- 
voltage equipment as a class will not fulfill this re- 
quirement since they will drop out within a few 
cycles after voltage has decreased below their drop 
out value. Time delay undervoltage devices are re- 
quired in order to take full advantage of the initial 
reclosing cycle. The available timing interval of the 
undervoltage device for use with immediate reclosure 
should be long enough to overlap (1) the duration of 
the fault; (2) the time the breaker is open and (3) 
the time it may require the system voltage to return 
to at least the pick-up value of the device. 


REQUIREMENTS DUE TO PRESENCE OF AIR CIRCUIT 
BREAKERS FOR Low VOLTAGE 


Although oil circuit breakers are used in a large 
portion of a.c. reclosing equipments available, never- 
theless air circuit breakers have also been used in this 
manner, principally on low voltage circuits. The gen- 
eral features mentioned in this article in connection 
with oil circuit breakers apply equally well to air 
circuit breakers. Oil circuit breakers and mechanisms 
are available having minimum operating times in the 
order of from 30 to 80 cycles on a 60 eyele basis, de- 
pending upon type and rating of the breaker and form 
of mechanism. Many oil circuit breaker mechanisms 
utilize a latch that must be reset before the closing 
force is applied to the breaker. It is necessary to 
make sure that this latch has reset before the closing 
effort is applied. Most available mechanisms of this 
type require a latch checking function. A time delay 
device can be used for this purpose but such a device 
must have a setting long enough to take care of the 
various limiting conditions such as those due to sea- 
sonal variations and variations in operating voltage 
thereby preventing the minimum time from being 
obtained under the most advantageous conditions. 

In the application of immediate initial reclosure 
consideration must be given to the protective relay 
system. First, circuit closing protector relays must 
open their tripping contacts with some safety factor 
during the de-energized period. Most over current 
relays of recent manufacture readily meet this re- 
quirement. Some of the older types which require a 
comparatively long time to reset can be modified 
readily to give the desired quick resetting feature. 
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The electrically operated devices available for pro- 
ducing the required reclosing impulses while differing 
in detail consist of the following elements: Release 
mechanism; timing mechanism; contacting mechan- 
ism; anti-pump means and lock-out means. When 
conditions on the feeder circuit are normal and no 
operation of the device is required, the reclosure is 
held in its so-called normal position either by a me- 
chanical stop or by an open contact in its operating 
circuit. The closing of a ‘‘B’’ auxiliary switch on the 
circuit breaker energizes the release mechanism there- 
by placing the reclosure in operation. The timing 
mechanism ordinarily consists of a motor driving a 
contacting mechanism through a suitable gear train. 
The contacting mechanism usually consists of two 
sequentially operated contacts, the first closing the 
circuit to the set up or anti-pump relay which seals 
itself in through the ‘‘B’’ switch. The second con- 
tact completes the closing circuit of the breaker 
through the set-up relay contacts. The closing of the 
oil circuit breaker following the operation described 
for the timing mechanism releases the set-up relay. 
In this way pumping of the breaker is prevented as 
the sequential operation of the contacts must be re- 
peated before another closing impulse can be given. 
The lockout means stops the reclosing after the third 
successive operation if the breaker fails to remain 
closed. 

Most of the reclosers furnished until recently could 
be adjusted for a minimum delay of 1 to 3 sec. for the 
initial duration. Usually this is not fast enough where 
immediate reclosure is desired and often reclosers of 


early design can be modified so as to be suitable for 
immediate reclosing duty. In stations where opera- 
tors are available a great improvement in service is 
possible by applying a reclosure for one operation and 
leaving resetting and subsequent reclosing to the 
operator. Where desired a reclosing device actuated 
directly by the breaker mechanism is available in the 
form of a hermetically sealed tube containing mer- 
eury. This device gives 1, 2 or 3 reclosures at fixed 
intervals of time. This is accomplished by means of 
orifices through which the mercury flows into various 
chambers within the tube. This flow provides the de- 
sired intervals between reclosures as well as the time 
required for resetting. These intervals are indepen- 
dent of each other. When the breaker opens the tube 
is rotated to a vertical position where contact is made 
after sufficient mercury flows into the contact cham- 
ber from the initial chamber, thus reclosing the 
breaker. When the breaker recloses the tube is re- 
turned to its original position and the mercury in the 
contact chamber is admitted quickly into the lockout 
chamber. After a predetermined number of succes- 
sive operations within a prescribed time, the mercury 
is all accumulated in the lockout chamber, leaving 
none with which to make contact and the breaker is 
locked out. If the breaker remains in the closed posi- 
tion for a sufficient length of time the mercury is 
returned to the resetting orifice to the initial chamber. 
The ‘‘timing’’ orifice can be enlarged so as to give 
no reclosing operation within 30 to 60 cycles. A num- 
ber of these tubes can be grouped together so as to 
give different time intervals between reclosures. 


Diesel Diagnosis 


with Pyrometer and Indicator 





These invaluable aids to operation should be 
the constant companions of the engineer 





U NFORTUNATELY the majority of Diesel oper- 
ators fail to realize the benefits to be derived 
from the proper and intelligent use of an engine indi- 
eator and pyrometer. Every operator of this type of 
prime mover should possess these instruments and 
thoroughly acquaint himself with the use of them. It 
has been the experience of the writer that all too few 
Diesel plants are equipped with these necessary ad- 
juncts to efficient operation. 

Many engineers place too much dependence on the 
sound and color of the exhaust. While a weak or miss 
firing cylinder can be detected by the sound of the 
exhaust, and an improper or poorly timed fuel system 
sometimes noted by the color of the gas, too much 
dependence should not be placed on this method as 
the offending cylinder is not readily placed and the 
detection of trouble calls for a lot of cut and try 
trouble shooting. 

Every Diesel engine should be equipped with a 
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pyrometer connection on each cylinder exhaust mani- 
fold as the temperature of the gases tell a long, and 
sometimes sad, story to the engineer. An auxiliary 
method of obtaining correct and economical operation 
is desirable and an indicator is in order. 

There are several makes of indicators on the mar- 
ket, obtainable with various scale springs and piston 
sizes, to take care of installations operating at any 
pressure or speed. A reducing motion, while con- 
venient, is not necessary, as with a little practice out 
of phase cards can be taken successfully. The operator 
will soon prefer this rapid method of taking cards as 
an out of phase card is as easily interpreted as the 
conventional diagram. 

Compression cards of each cylinder should be 
taken. Then a low side card should be obtained. This 
is a diagram of the suction and exhaust stroke, taken 
with the cylinder not firing. To do this, it is neces- 
sary, because of the wide range of pressure in a 
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A CONVENIENT AND ECONOMICAL INSTRUMENT BOARD WITH THE PYROMETER INDICATOR MARKED BY A WHITE 


CIRCLE 


Diesel, to install a light spring in the indicator, so 
that the diagram will be high enough for a useful 
reading. After this, out of phase, full cycle cards 
should be obtained. 

' All the information possible concerning valve 
timing, fuel injection, compression and injection air 
pressure, should be obtained from the manufacturers 
of the engine being worked on so that one will have 
the proper foundation to work on. 

A careful study of the diagrams should then be 
made, the results compared with the manufacturer’s 
instructions and the necessary corrections and adjust- 
ments made. The value of the indicator is soon appar- 
ent in the form of a quiet running engine, fully up to 
the traditional Diesel efficiency. It must be remem- 
bered that faulty valve timing and fuel injection will 
remove from even a mechanically snug and shipshape 
engine all the reliability and economy built into it 
by its makers. 

Exhaust gas temperatures of Diesels vary much, 
according to the manufacturer, type, and class of 
service of the individual engine, that the remarks 
concerning the use of pyrometers in the exhaust mani- 
folds must of necessity be general. A thermocouple 
should be inserted permanently in the exhaust mani- 
fold of each cylinder, and the leads run to an electric 
pyrometer whose number of contacts coincides with 
the number of cylinders of the individual engine. The 
instrument itself will be found to be practically trouble 
proof, and the engineer will only have to keep the 
thermostat unit reasonably free from carbon and scale. 
These scale formations act as a heat insulator, and as 
the thickness of the deposit will vary from time to 
time and from cylinder to cylinder, the different and 
changing insulation values may cause an appreciable 
error in the pyrometer readings. 

Each cylinder temperature will vary slightly from 
the other, and a change of load will of course cause 
a change in the temperature of the exhaust gas. With 
the majority of engines the temperature will run 
almost in a straight line from about 250 to 750 deg. F., 
from no load to full load. In a two eycle engine 
using scavenging air, the temperature will be consid- 
erably cooler due to the action of the scavenging air 
as it sweeps the burnt gases from the cylinder. Learn 
the characteristics of your particular engine before 
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applying the corrections indicated by the pyrometer 
readings. A temperature variation of 10 to 25 deg. F. 
for the different cylinders is permissible. 

A low temperature indicates that the cylinder is 
not doing its work, either from a faulty fuel pump, 
leaky valves or rings, or, in mechanical injection en- 
gines, improper lift of fuel valve. Very high tempera- 
tures indicate that the cylinder is getting too much 
fuel and combustion is incomplete (similar to retarded 
spark in a gasoline engine) ; that the cylinder is over- 
loaded ; that possibly the cooling water supply is not 
sufficient, or that the passages in the head and cyl- 
inder are clogged. Cooling water outlet temperatures 
will run from 100 to 140 deg. F., depending on the 
engine and the inlet temperature. The supply of 
scavenging air might not be adequate. A temperature 
that varies greatly in one cylinder indicates a lost or 
weak motion in the governor mechanism. Check for 
elevis, bushing, cam and fuel wedge wear and lost 
motion. 

It will be seen from the above that a pyrometer 
is a necessary accessory to a Diesel engine, and when 
used intelligently in conjunction with an indicator, 
the engineer will be able to diagnose ills that an engine 
may be subject to. 


Basic EFFICIENCY of a reaction turbine stage of 
great blade heights can probably be brought as high 
as above 95 per cent. The discrepancy between this 
value and the present values of turbine efficiency of 
from 70 to 85 per cent is often a surprise to the pur- 
chaser of steam turbines. 

Principal sources of loss which cause the dis- 
crepancy between the ideal and the actual efficiencies 
are: (a) Losses due to the impracticability of having 
every stage operate at its maximum efficiency; (b) 
leakage of steam in the stage; (c) leakage of steam in 
glands and balancing pistons; (d) end effects (and 
leakage disturbances) preventing ideal flow; (e) dis- 
turbances due to mechanical details such as lashing 
wires, reinforcements of blades, etce.; (f) leaving and 
exhaust loss; (g) losses due to the presence of moisture 
in the low pressure region; (h) mechanical losses due 
to friction in the steam path and in bearings.—C. R. 
Soderberg, W. E. & M. Co., before the N.A.P.E. 
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Pulsations in Gravity Bucket 
Conveyor Chains 


In a Gravity bucket conveyor system it is notice- 
able that the chain pull varies in speed owing to the 
fact that all long pitch chains have a slight pulsation 
in an ordinary plain loop system. The whole drive has 
a factor of safety to cover this extra strain, but in a 
‘ more complicated system as the pulsations are gener- 
ated at the idler sprockets the extra strain would be 
serious if these pulsations added up instead of equaliz- 
ing out. Equalizer gears may be used but these do 
not render unnecessary the careful spacing of the 
idlers. This can be done by splitting the system into 
sections and so arranging that alternate sections con- 
tain a whole number of pitches. 

The center to center distance of corner shafts 
should be made equal to a whole number of chain 
pitches. Any pulsation introduced at one idler cancels 
the pulsation already in the conveyor. It is only when 
pulsations add up that trouble results. 

In one installation having six corners due to bad 
spacing the chain only lasted 3 yr. It was proved 
that a pulsation was introduced at each corner of the 
chain path, each pair of idler sprockets generated 
pulsations which added up, whereas they should have 
cancelled out. This serious wear on the conveyor was 
remedied by more regular spacing, which cured the 
trouble. 


Herts, England. W. E. Warner. 


Welded Boilers 


As A CHIEF engineer who has had considerable 
welding done by experienced welders upon return 
tubular steam pressure boilers carrying 150 lb. to the 
square inch, I was deeply interested in the article by 
C. C. Custer on page 150 of Power Plant Engineering 
for March 1934. The letter no doubt contains much 
valuable information, but the information is not of 
great value to many engineers in charge of steam 
power plants who seldom, if ever, do much welding 
personally. 

I have had fire cracks welded, also patches put on, 
and where the welding was properly done and the 
proper material used in the joint, there were no leaks; 
the work held up against all stresses for a great many 
years. What the engineer in charge has to make sure 
of is that the surrounding plate has not erystallized 
or is defective in other ways. Cleanliness is a necessity 
when doing such welding, especially so when using 
old plate or other material. My own personal opinion, 
based on experience, is that no plate or weld will give 
way from low water or heat before the other parts of 
the boiler if the plate and the weld are right, which is 
contrary in some respects to what Mr. Custer says on 
page 151. 

If the rear head ends of steam boiler tubes persist 
in leaking, the method successfully used many times 
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is to clean out the tube holes in the boiler plate and 
use narrow, thin strips of sheet copper upon the tube 
ends before rolling them in the steam boiler head. 
I do not remember of ever seeing a leaking tube end 
when this method was used, other things being right. 
Personally I believe welding is good practice when the 
welding is done by competent welders who understand 
what they are doing, but such welding cannot be done 
by the average man. 


Toronto, Can. JAMES E. NoBLe. 


Pointers on Belt Selection 


CoNSIDERABLE trouble is often experienced with 
belting, due to the fact that its thickness and width 
is not carefully selected to meet operating conditions. 
But as there are so many problems that enter into 
a belt drive, if it is to give efficient service, it is im- 
possible to give a fast and set rule that will apply to 
all drives. 

As the belt transmits its load from the gripping 
power on the pulley, it is therefore evident that any- 
thing done to increase the are of contact between 
pulley and belt is an advantage. 

When to choose between a single or double-ply 
leather belt, or the number of plys on a rubber belt, 
depends on the belt speed, horsepower to be trans- 
mitted, center distance between pulleys, the diameter 
of the pulleys, and their ratio. 

The reason for going to a multiple-ply belt is to 
transmit the required load within a reasonable width 
of belt and pulley face. 


Maximum recommended width of single-ply leather 
belts is 8 in. Using this value as a limit, it means 
that it is necessary to go to a multiple-ply belt when 
the load is too great for the 8-in. single-ply. 

A case where a double-ply belt might have to be 
used, within the range of a single-ply belt, is on 
a machine where a pulley face wide enough to run the 
single-ply belt on is impractical. Example: When 
a drive is calculated an 8-in. single-ply belt may be 
satisfactory, but an 814 or 9-in. pulley face can not 
be used in the available space. This would mean 
falling back to a 4 or 6-in. double-ply belt to carry 
the load. 

For efficient power transmission a belt must be 
pliable. For this reason a single-ply belt is prefer- 
able on pulleys of small diameter. While, again, 
pulleys of suitable diameter and traveling at slow 
speed and on long centers might call for a double-ply 
belt in case the slack side is on the top, the added 
weight being needed to sag the belt in the center, 
thereby increasing the are of contact on the pulleys, 
which means increasing the efficiency of the drive. 

Where pulley ratios are abnormal and on short 
centers requiring an idler pulley, the single-ply belt 
is preferable if the load to be transmitted falls within 
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the 8-in. limit in width. The single-ply belt will wrap 
the small pulley better and withstand the double bend- 
ing action over the pulley and under the idler, than 
the double-ply belt. This means increased belt life 
and less belt maintenance, due to less separation of 
splices and plys. Where a belt properly grips the 
pulley its load is transmitted under less belt tension, 
thereby subjecting the bearings and machinery to less 
wear. All of which goes towards decreased mainte- 
nance and repairs, a good point in favor of the proper 
belt. 


Niagara Falls, N. Y. Marin PHIuips. 


Water Hammer in Steam Pipes 


WATER HAMMER can be dangerous and it is always 
annoying especially in heating systems where the 
noise can be heard and sometimes felt throughout the 
building. Even though it is not as dangerous as in 
high pressure steam lines it gradually causes leaks in 
the joints and usually in the most inaccessible place. 
An odd ease of this kind occurred in a system that had 
not caused trouble before. It finally got so bad in 
the mornings that something had to be done. Every- 
thing seemed to be all right, the line was drained and 
the traps working. By noting the rapidity with which 
the traps discharged we gradually traced the water 
back to a section where the line crossed an old build- 
ing. Careful inspection of this section soon revealed 
the trouble. 
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AN ADJUSTABLE HANGER MAKES IT EASY TO ELIMI- 
NATE WATER POCKETS LIKE THIS 





This old building had gradually settled until there 
was a regular U in the line and this formed a pocket 
which filled up during the night. When steam was 
turned on the radiators in the morning all this water 
was forced over the top of the U so fast that the traps 
eouldn’t handle it and it continued along and bumped 
at every corner and turn. Apparently the settling had 
been going on for many years but it was not until it 
got so low that the pipe was practically full that real 
trouble developed. 

The cold spell with the extra load gave sufficient 
steam velocity to pull the water over faster than the 
traps could handle it. A turnbuckle inserted in the 
hanger soon corrected the difficulty and eliminated the 
knock. Elimination of this danger in steam lines is 
easily provided for by the use of adjustable hangers. 


Springfield, O. F. Pavt. 
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Doubling in Brass 


For MANY YEARS it has been customary with trav- 
eling theatrical companies to require many of the 
actors not only to play their regular roles during the 
show but also to play some musical instrument in the 
street parade that usually preceded the show. This 
is known as ‘‘doubling in brass.’’ 

Industry can also find double duty for many of the 
machines they use. An instance of this kind has just 
come to light in one of the prominent industrial plants. 
In this particular plant a considerable number of in- 
dustrial, battery-operated trucks were used to trans- 
port material from point to point in the plant. The 
facilities for charging these batteries were somewhat 
inadequate so a portable electrical welding machine 
was tried out as an auxiliary battery charging unit. 
This was found to operate very successfully so the 
maintenance crew now uses the welder during the day 
for routine repair work while at night the welding 
machine does double duty as a battery charger. 


South Bend, Ind. Cuas. A. PETERSON. 


Variable Pressure Boiler Operation 


AFTER READING the discussion on this subject by 
N. T. Pef in the November issue and Harry M. Spring 
in the February issue, it can plainly be seen that both 
are right but they both neglect one point which is of 
vital importance, the heat content of the saturated 
steam. 

With the 400 lb. installation as described by Mr. 
Spring a considerable portion of the lowered heat con- 
tent of the steam at the turbine throttle was due to 
the lower temperature and lower heat content of the 
saturated steam at 300 lb. for it must be remembered 
that the combustion rate would have to be decreased 
and the furnace temperature lowered with the de- 
creased turbine load regardless of the pressure at 
which the boiler is operated, therefore the heat input 
of the superheater would be practically the same in 
either case. 

Operating under such conditions where lowering 
the steam pressure results in a materially decreased 
heat content would in most cases prove to be decidedly 
uneconomical, the increased turbine water rate and 
resulting condenser losses more than offsetting the 
slight gain in boiler efficiency. 

While this is true of any operating pressure below 
that at which saturated steam contains the maximum 
heat, it is, however, no criterion that operating with 
variable pressure on higher pressure boilers is not 
practicable. 

Mr. Pef has in mind a 600 lb. plant. In this case 
the pressure could be lowered to 450 lb. without 
lowering the heat content of the saturated steam and 
consequently without materially lowering the total 
heat at the throttle, under that of full pressure opera- 
tion. On still higher pressure boilers a slight gain 
in total heat at the throttle may result from lowering 
the boiler pressure, it is in the higher pressure field 
that variable pressure operation may be expected to 
meet with greater success. 


South Amboy, N. J. RayMonp SEPTOR. 
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Air for Air Chamber 


AIR CHAMBERS for pumps or other purposes may be 
charged in the following simple manner. ‘‘A’’ repre- 
sents an air receiver made up of a piece of pipe and 
fittings, of suitable size to provide a vessel of the 
capacity required for one charge of air. 

When the air chamber requires more air as indi- 
cated by the level of the water in the gage, valves 
B and C are opened while valves D and E are closed, 
thus drawing all water out of the receiver A, which 
is then full of air. 

The next operation is to close valves B and ©, and 
open valves D and E. Water then flows into the re- 
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CONNECTIONS FOR INTRODUCING AIR INTO AIR CHAMBER 


ceiver A under operating pressure and the air is 
forced into the air chamber until the gage indicates 
that there is enough air in the chamber. Valves D and 
E are then closed. 

It will be seen that with obvious modifications, a 
similar hook-up may be used for introducing solutions 
into feed or other lines. 

There is, of course, nothing particularly novel 
about this method, but it makes such a practical and 
economical arrangement that many people may find it 
useful. One of the chief advantages is that air at 
exactly the right pressure is available at all times for 
eharging the air chamber. 


Bloomfield, N. J. JamEs QO. G. GIBBONS. 


Carelessness Causes Oil Fire Explosion 


IN A LARGE industrial plant, operating three shifts, 
the midnight shift in the boiler room consisted of a 
fireman and a handyman. The handyman’s first duty 
was to clean the oil strainer, a twin type, having a 
sliding gate on each side to cut in one of the strainers 
and the other out. 

On the morning of the explosion, the handyman 
started as usual to clean the strainer by adjusting 
sliding gates and opening bleeder valve. The fireman 
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noticed a drop in the oil pressure and opened the 
burner valve further and went to the central pumping 
station to see if the attendants were having trouble, 
but he found they were not, and on returning to boiler 
found the fire still lower and opened the valve still 
further. When he got no increase in his fire he 
suspected local trouble. 

The handyman noticing the fireman’s predicament 
checked his sliding gates and found one in and the 
other out, thereby cutting off the entire supply of the 
boiler room. Without notifying the fireman he opened 
the sliding gates correctly, allowing a flood of oil to 
enter the firebox. This flood of oil that came through 
an open valve and the oil that dribbled into firebox 
ignited with a violent explosion, wrecking baffles and 
cracking brick work on side walls. The fireman was 
slightly burned, as he was about to close his oil valve 
when the explosion occurred. 


Brooklyn, N. Y. Wiuu1AmM ANDERSON. 


Quick Improvised Expansion Founda- 
tion Bolt 


Herz Is a kink that shows the correct way to im- 
provise quickly foundation expansion bolts for use 
in drilled holes in concrete. The sketches almost tell 
the complete story but a few words make them more 
clearly understood. 

The bolt to be used is put in the vise of the drill 
chuck or in the lathe and a hole drilled part way 
into one end as a A, next this end is cut into four 
sections by two crosswise hack saw cuts as at B, then 














TAPER PIN 
ORILL HOLE 


EXPANSION BOLT FACILITATES REPAIRS 


a taper pin is filed to the type shown at C. This pin 
is lightly tapped.in the end of the bolt and then the 
bolt is inserted into the hole and when it reaches the 
bottom the nut is put on and the bolt driven down 
onto the taper pin. This will expand the four cut 
sections into the hole and secure the bolt, as is 
shown at D. 


Concord, N: H. Cuas. H. Wiey. 


Excess Slip in Induction Motors 


SLIP IN INDUCTION motors is often excessive owing 
to the voltage drop between the brushes being greater 
than the designer calculated. The clutch on motors 
provided to short circuit the rings when the motor is 
up to speed should be maintained in first class con- 
dition so that it works without lag. The brushes 
should be well bedded so as to give good contact and 











a minimum voltage drop, any connections between 
the brushes and the rheostat must be well made so 
that there is a minimum loss. The resistance of the 
brushes chosen should be the same as called for by 
the design of the motor. Good contact must be had 
between the bars and the end rings, the applied volt- 
age must be kept at that for which the motor was 
designed as a low voltage affects both the efficiency 
and the slip. In wound motors whether the brush gear 
is only used for starting or speed regulation, the volt- 
age loss in the whole brush gear circuit must be kept 
to the minimum possible or the efficiency will be re- 
duced and the slip increased. 


Herts, England. W. E. Warner. 


Concrete for Small Jobs 


ALTHOUGH CONCRETE is widely used in all indus- 
tries its preparation for small jobs does not often re- 
ceive the care and thought that it should unless the 
plant happens to be large enough to have a construc- 
tion engineer who deals in the preparation and mixing 
of it continually. A common rule of thumb concrete 
is a 1:2:4 mix which is used for all and every job 
irrespective of the use or the condition of the sand 
and aggregates. 

The sand or fine aggregate commonly ranges in 
size up to about 14 in. Coarse aggregate may run up 
to several inches but stock sizes run from 4 to 4, 
1 or 2 in. for use in small sections, general work and 
mass work respectively. The function of the coarse 
aggregate is to fill up space and reduce shrinkage so 
that if good clean and solid rock is available the maxi- 
mum useable size is determined by the forms and 
reinforcing. 

Naturally the sand and gravel should form as dense 
a mass as practical. This means a well graded mate- 
rial which fills up most of the voids and so leaves 
less room to be taken up by the cement. A good 
natural gravel may run for instance 25 per cent from 
14 to % in., and 25 per cent from %4 to 1144 in. Sand 
is usually available in three stock sizes, fine for plas- 
ter work, medium for general construction and coarse 
for paving. 

As density of the aggregate is derived it is well 
to determine the best proportion of sand and gravel 
available by experiment starting out with 25 or 30 
per cent sand and gradually increasing the propor- 
tion until the most dense mix is found. This mix- 
ture will require the least cement. 

It is of course foolish to try to skimp on the 
amount of cement used, especially on small jobs where 
the added cost is negligible. The proper amount of 
cement is however important for other reasons. A 
rich mix will be stronger, denser and more water- 
tight and will also be easier placed but it will have 
a greater tendency to shrink and crack when it dries 
out. A sand mortar will shrink twice as much and 
a neat cement grout will shrink four times as much 
as concrete. Lean mixtures are hard to work. 

Approximate mixes for various uses are given 
by the accompanying table (from Bulletin 27 of Pur- 
due University). The difference between the amount 
of water to be added and the total required is due 
to the water in the aggregate. The table allows about 
0.5 gal. of water for each cubic foot of sand and a 
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sIzs oF SACKS TOTAL 
AGGREGATE PER CU. WECESSARY| 
INCHES YD. OF 
CONCRETE 
Small precast work 
Sills ané lintels soft 3/8 tot 1:2:2 7% tos St to 4 s 
Very thin sections 
Wate: acum Med. to soft} 3/4 to 1 1:2:5 6} to 7 4 to 42 St 
One Pronger 
Daves stiff to med. u 1:23:3$ | 6 to 6b | 43 to 42 6 
Building foundations 
Retaining valle wed. to stiff pt 1:2h:Se | Se to6 | 4g to 5 Cs 
Culverts 
Reinforeed work 
wed. to soft| 3/4 tol 1:28:3% | 5d to 6 5 to Sb ? 
Columns 
pint for each eubie foot of coarse aggregate. It is 


suggested that for general purposes the use of a 1:24: 
3144 mix with about 4% to 5% gallons of water per 
sack of cement is best. The exact amount will de- 
pend upon the condition of the aggregate as sand 
will contain from a quart to a half gallon of water. 
The final mix should place easily in the form, if too 
dry the form will not fill and if two mushy the cement 
will run off leaving the coarse aggregate exposed. 
A medium consistency is good for most gerieral use. 
When dumped out of an ordinary pail it should slump 
over but maintain a well defined mound. The mor- 
tar should not run out but the top should show a 
grainy top surface. 


Curing should be carefully done by keeping the 
top and sides wet for several days by covering with 
wet dirt or old sacks. In cases where the time is lim- 
ited special quick drying cement is obtainable. In 
general it seems that concrete engineers rather frown 
on the addition of various materials or admixtures as 
they are commonly called. These vary widely from 
such things as flue dust and cinders, usually added 
to decrease the weight, to soap, rubber and even sugar. 
The best known and most useful are apparently cal- 
cium chloride and calcium hydroxide. Some of these 
admixtures are to increase the strength, some the 
workability or water resistance or to give color. Cal- 
cium chloride speeds up the hardening of concrete 
and if a liberal layer is spread on top after the sur- 
face is finished it will be found to give a much 
quicker set and a hard surface particularly useful 
for floors and surfaces receiving hard wear. Car- 
borundum dust is also effectively used for this service. 

Curing should start within a few hours or as soon 
as the finished surface starts to set so that it will not 
be damaged. This decreases shrinkage and cracking 
and also increases the strength. It is best to pro- 
tect the green surface so that the spray will not wash 
out the cement on the top. 


Brooklyn, N. Y. P. F. Rogers. 


Maenet ‘steels, designated ‘‘MK Steel’’ by the 
inventor, Dr. T. Mishima of Tokyo Imperial University, 
are announced in the Japanese magazine Ohm. These 
are alloys of iron, nickel and aluminum, suitable for 
casting but not readily forged. They require only 
annealing to develop best magnetic activity which is 
stated to be 9 times that of tungsten magnet steels and 
2% times that of cobalt steels. Magnetic properties are 
said to be unaffected by temperature change or vibration. 
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New Equipment 


Foxboro Controllers 


Two NEw control instruments 
have been developed by the Fox- 
boro Co. of Foxboro, Mass. Their 
appearance is practically identical 
but one controls temperature, the 
other pressure. These two control- 
lers will be found particularly use- 
ful where dependable control at a 
definite point must be had inex- 
pensively. 

The dial and knob on the lower 
face of the controller permits ad- 
justment of the temperature or 
pressure within the range of the 
instrument. The indicating gage 

















above the adjusting knob shows 
the air pressure on the diaphram 
motor of the control valve and also 
shows whether the valve is opening 
or closing. 

On the temperature controller, 
a 2-in. dial type thermometer may 
be installed in place of the air 
gage. This thermometer is con- 
nected to the same bulb as the con- 
troller thus showing the tempera- 
ture being maintained. 

The pressure controller may be 
equipped likewise with a high pres- 
sure indicating gage that shows 
the pressure being controlled. In 
either case, it is necessary to mount 
a valve motor air gage on the air 
line to the valve outside the case. 


Westinghouse Right 
Light Meter 


WESTINGHOUSE ELEctrIc & Mra. 
Co., East Pittsburgh, Pa., an- 
nounces the development of a Right 
Light meter for measuring light 
intensities and making illumination 
surveys. Only a few seconds are 
needed to check lighting condi- 
tions at any point, since the 
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dial is marked in foot candles 
with zones denoting the minimum 
amount of light needed for specific 
types of work. 

This new foot-candle meter uses 
the new Westinghouse Photox cell, 
a recently developed photo-voltaic 
cell, which changes light directly 
to electric current without any 
auxiliary electrical supply. The 
Photox cell and the microammeter 
which measures the cell current 
are mounted together in a neat 
moulded ease. 

The scale is accurately calibrat- 
ed in foot-candles and is also di- 
vided into sections indicating the 
minimum amount of light consid- 
ered satisfactory for various kinds 
of work and conditions. The in- 
strument is a sensitive micro-am- 
meter of a new design made to 
withstand severe portable service. 

The cell consists of a dise of 
copper oxide on copper, properly 
aged and treated to stand long use 
without aging or changing eali- 
bration. 


Monobelt, a New Type of 
Leather Belt 


ALEXANDER BrorHers,  Inc., 
Philadelphia, Penna., has recently 
developed a new type of leather 
belt which, it is claimed, attains 
three objectives: Increase of ad- 
hesion, reduction of stretch and 
reduction of internal friction. 

In the construction of this new 
belt, specially prepared vegetable 
tanned leather having a high ad- 
hesion and thoroughly stretched 
by a special process is exclusively 
used. The stretch is accurately 
regulated in each piece of leather. 
In single ply belts, leather with 


the minimum of stretch is used. In 
double ply belts, the pulley side of 
the belt is made of the same leather 
as the single ply, but the outer ply 
is made of more elastic leather, 
that is, leather having more elastic 
stretch than the inner ply thus 
preventing crumpling of the inner 
ply as it passes over a pulley of 
small diameter. 

This new belt has been called 
Monobelt, that is the one belt 
which answers the purpose for 
practically all regular drives, or 
drives consisting of only two pul- 
leys. For conditions where the 
belt is subjected to a reverse flex- 
ing, however, such as idler pulley 
or serpentine drives, this type 
of belt should not be used. 


The G. E. Impulse 
Breaker 


A New Hieu Vourace, large ca- 
pacity oil circuit breaker, contain- 
ing many unusual and new features 
has been announced by the General 
Electric Company. Radically differ- 
ent in design, each single-pole unit 
of the new breaker is shaped like a 
eross in contrast to the tanklike 
construction of conventional equip- 
ment. Higher breaking speeds 
with short arcing times and the 
use of very little oil are among the 
distinct advantages offered by the 
new equipment. Only 96 gal. of oil 
per pole are required by a breaker 
with an interrupting rating of 
1,500,000 kv-a. at 138 kv. compared 
with approximately 1700 gal. per 
pole for a conventional breaker of 
an equivalent interrupting rating. 

Horizontal containers, not much 


larger than conventional bushings, 


enclose the interrupting mechan- 
isms. These containers are mounted 
on vertical central supports which, 
in addition to serving in an insu- 
lating capacity, also house current 
transformers when such equipment 
is required. The operating mechan- 
ism is located in the base of each 
single-pole unit and an insulated 
operating rod passes up through 
the central support to the contain- 
er. The interrupting elements con- 
sist of several sets of contacts in a 
line and the inside of each con- 
tainer is so arranged that oil, 
driven by a piston, is positively di- 
rected across the are path of each 
of the several arc breaks per pole 
during circuit interruption. 
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Oil Heater 


Fue, Om Heaters of a new 
type have recently been placed on 
the market by The Griscom-Rus- 
sel Co., 285 Madison Ave., New 
York, N. Y. This apparatus is the 
twin G-Fin section, consisting of 
two parallel steel pipes, each serv- 
ing as a shell for a single pipe 
with a return bend at one end and 
all inlet and outlet connections at 
the other end. The G-Fin pipe is 
made in the form of a U-bend or 
hairpin, each leg of which is con- 











tained in one of the two parallel 
pipe shells. 

These units, being standard and 
interchangeable, can be arranged 
in series or parallel as required by 
the duty, and additional sections 
can be connected at any time to an 
existing installation. An important 
advantage of the design is that it 
eliminates the necessity of provid- 
ing 100 per cent spare heating 
capacity except in installations con- 
sisting of only a single unit. Fur- 
ther advantages of the heater 
are the absence of internal joints 
which might permit leakage be- 
tween steam and oil, the elimination 
of strains from changes in tempera- 
ture because of the free expansion 
of both shells and G-Fin Pipe, the 
ready accessibility of the entire 
heating surface for inspection and 
cleaning, and the light weight which 
permits easy handling and instal- 
lation. 


V-Eight Diesel 


Hint Diese, Enaine Co., Lans- 
ing, Mich., has recently added a 
new eight cylinder V type engine 
to its line of Diesels. This V-8 en- 
gine is a 5 in. bore, 7 in. stroke, 
rated at 200-hp. at 1700 r.p.m. The 
cylinder is cast en bloc at an angle 
of 30 deg. from the vertical, a con- 
struction which provides minimum 
overall length and width with max- 
imum rigidity. The engine is avail- 
able in two types, cast iron weigh- 
ing 2500 lb. and aluminum weigh- 
ing 2000 lb. 

Lubrication is accomplished by 
a dry sump pressure system. 
Cylinder heads and cylinders are 
east of chrome nickel alloy iron, 
completely water jacketed. Sil- 


crome valves and vanadium steel 
springs are used. Camshaft is 
of heat treated steel machined 
throughout. Pistons are cast of 
Lo-ex aluminum alloy equipped 
with four compression and one oil 
ring. Accurate speed control over 
the entire range is accomplished by 
a governor mounted in the V be- 
tween the cylinder blocks. The en- 
gine will operate satisfactorily on 
fuel oils of 22 deg. Baumé or 
lighter up to and including kero- 
sene. The 32-v. starting motor is 
equipped with Bendix friction gear 
meshing with a ring gear on the 
flywheel. The new engine is 
equipped with standard Hill fuel 
system and Bosch injection pumps. 
For marine service the engine is 
available with reverse and reduc- 
tion gears. 


Temperature Control 


ELECTRIC TEMPERATURE REGU- 
LATORS, comprising automatic 
valves for steam, gas, oil, water or 
brine flow control, actuated by 
thermostats of various kinds has 
been placed on the market by the 
Wilbin Instrument Corporation, 40 
East 34 St., New York City. 

Instead of the conventional 
rotary motor, a heat motor is em- 
ployed to operate the valve. This 
motor consists of a pressure cham- 
ber in which a volatile fluid is va- 
porized by an electric strip heater. 
The vapor pressure built up com- 
presses a flexible bellows to which 
the valve plunger is attached. 

Limit switches, actuated by the 
valve stem itself, control and re- 
verse the valve stroke. A device 
for interrupting the electric circuit 
makes it possible to arrest the valve 
travel at any point between the 
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‘‘open’’ and ‘‘closed’’ positions. It 
is claimed that six different valve 
positions can be secured for a total 
temperature difference at the ther- 
mostat of only 1 deg. 
Combinations are _ available 
suitable for all process industries, 
refrigeration, air conditioning, 
whether and zone control of heat- 





ing systems, ovens and room con- 
trol. Two types are available Type 
C, as illustrated for throttling con- 
trol of temperature from—40 to + 
650 deg. F. and Type E having 
only an open and shut position. 


New Thyrite Station- 
Type Lightning Arresters 


IMPROVEMENTS IN both protec- 
tive performance and mechanical 
construction have been incorpo- 
rated in the new Form D Thyrite 
station-type lightning arresters of 
the General Electric Company, and 
the exclusive no-time lag feature 
has been continued. The impulse 
breakdown voltage of the 11.5-kv. 
unit is about 40-kv. crest. When 
applying A.I.E.E. standard surge 
current (1500 amp.), the impulse 
voltage across the arrester unit is 
limited to only 36-kv. crest—little 
more than two times the crest 
rating of the arrester, and repre- 
senting an improvement of 30 per 
cent over previous designs. The 
sealed construction of the series 
gap protects the gap elements from 
moisture or atmospheric influences. - 

The new arrester embodies unit 
construction, an exclusive Thyrite 
feature, whereby standard 11.5-kv. 
arrester units are common to, and 
interchangeable in, arresters of all 
voltage ratings. Three-point sup- 
port and bolting between units of 
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the new arrester simplify assembly 
and avoid mechanical strains on 
poreelains. Within the unit the 
series gap is hermetically sealed, 
metal caps. being  bottle-cap- 
crimped over the ends of the por- 
celain container, with the gaskets 
permanently locked in their orig- 
inal compressed position, excluding 
moisture and making the arrester 
operation independent of atmos- 
pheric influence. 

The interior elements of the 
new arrester can be put readily 
into the unit housings of existing 
arresters, thereby enabling Thyrite 
arresters now in service to be mod- 
ernized to incorporate the ad- 
vanced protective performance of 
the new arrester and the advan- 
tages of the new sealed gap. 












Morse-Kelpo One-Way 
Clutch 


MorsE-KELPO CLUTCH is a new 
product developed by the Morse 
Chain Co., Ithaca, N. Y., Division 
of Borg-Warner Corp., which is a 
positively actuated one-way clutch, 
free-wheeling in one direction, but 
driving in the other. Operating 
with no back-lash, it is ideal as a 
ratchet drive. Used to connect two 


























prime movers to a common load, 
either will pull the load but neither 





ean drive the other. This dual 
drive finds frequent application 
for two motors or motor and tur- 
bine driving force or induced draft 
fans, for auxiliary stand-by drive, 
and for booster drives for starting 
heavy machines such as printing 
presses, paper mill and steel mill 
machines. 

_Morse-Kelpo Clutch is built of 
alloy steels, hardened and ground 
to close limits of accuracy, and its 
exclusive feature is automatic 
compensation for wear. 











Brush Seater 


THE NEW BRUSH SEATER recently 
placed on the market by the Ideal 
Commutator Dresser Co. of Syea- 
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more, Ill., is a soft abrasive insu- 
lating material of fine texture. It is 
claimed by the manufacturers not 
to scratch or cut the commutator. 
It is applied by simply holding the 
brush seater at the heel of the brush 
and pressing down on the brush 





while the latter is actually in use. 
The friction from the revolving 
commutator, or ring, releases the 
brush material which is carried 
under the brush. The combination 
of the material removed from the 
brush and the brush seater is said 
to impart a high polish to the com- 
mutator or ring. 


New Across the Line 
Starter 


For motors up to 30 hp., 220 
v., 60 hp., 440 v., and 75 hp., 
550 v., The Electric Controller & 
Mfg. Company, Cleveland, Ohio, 
announces a new  oil-immersed, 
across-the-line, combination mag- 
netic starter. This starter, a larger 
companion for the No. 1 Type ZOS 
Starter recently announced, con- 
tains an unfused or fusible safety 
switch and a magnetic starter with 
overload relays. All of the internal 
wiring of these starters is complete. 


Although designed for the se- 
vere service encountered in mill 
duty, these starters are exception- 
ally small and narrow, having 
safety switch front operated and a 
cover that swings vertically. 













Pipe Coupling 


Jomine of straight plain end 
pipe without grooving, threading, 
beveling or upsetting the ends, and 
with no extra finishing operation is 
made possible by the Champion 
positive seal pipe coupling, manu- 
facturing by The Champion Ma- 
chine & Forging Co., Cleveland, 
Ohio. 




















Coupling consists of five dis- 
tinet parts, viz: two half coupling 
sections which contain gripping 
devices, one gasket with metal pro- 
tected sections and two bolts. Cou- 
pling sections are drop forged spe- 
cial grade steel; gripping rings are 
drop forged and heat treated and 
assembled into half coupling sec- 
tions in such a manner as to be- 
come integral with coupling itself. 


Ball Bearing Liquid 
Level Control 


WITH A FLOAT chamber equipped 
with full ball bearing construction 
of stainless steel balls and races, 
the new remote control for liquid 
level, developed by the Swartwout 
Co., Cleveland, O., eliminates fric- 
tion caused by liquid under pres- 
sure. It will operate valves con- 
trolling the flow of liquids to tanks, 
condensers, receivers and other ves- 
sels at any distance up to 300 ft. 
and the construction permits pres- 
sures up to 450 lb. per sq. in. The 
operating mechanism is fully en- 
closed but easily accessible for ad- 
justment and the stuffing box may 
be grease sealed. 
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Single-Reduction Gear- 
motors 


THE RELIANCE Exectric & Enat- 
NEERING Co. of Cleveland, Ohio has 
recently added single-reduction 
units to their line of gearmotors. 
These are used for ratios up to 6:1 
inclusive. They can be furnished 
with both alternating and direct 
current motors of various types in 
sizes rated 34 hp. and up. Multi- 


bos 
speed and adjustable-speed motors 
may be used. The entire reduction 
is obtained in a single pair of 
gears. Substantial feet, cast inte- 
gral with the gear housing, afford 
a solid support close to the point 
of maximum torque application. 
Ball-bearings are used throughout. 
Motor parts, and gears may be 
readily removed and assembled. 
Some advantages of these com- 
bined units are lower first-cost, re- 
duced space, lower installation and 
maintenance expense. 


Air Compressor 


IN THE FIELD of air and gas 
compressors, Ingersoll-Rand Co., 
Phillipsburg, N. J., offer the Type 
XVG, a complete new line of 
direct-connected gas engine driven 
compressors. The units consist of 
vertical 4-cyele, multi-cylinder, V 
type gas engines with direct-con- 
nected standard horizontal com- 


pressor cylinders. The XVG is 
built in four sizes of 60, 125, 190 
and 260 hp., with 2, 4, 6 and 8 
power cylinders respectively, two 
power cylinders for each com- 
pressor cylinder. 


New Condit Motor 
Operator 


OuR ATTENTION has been direct- 
ed to an error which appeared in 
the news item describing the type 
UC-30 motor operator made by the 
Condit Electrical Mfg. Corp., on 
page 154-5 of the March issue. In 
this item it is stated that closure 
is effected in approximately 8 sec- 
onds. This is an error. The item 
should have read, closure is effect- 
ed in approximately 8 cycles. 


Appalachian Electric 
Power Co.- Denied Appeal 


THE APPALACHIAN ELECTRIC 
Power Co. received a refusal to 
review from the United States Su- 
preme Court, February 20, in its 
appeal from the decision of the 
Federal Court in the Virginia Dis- 
trict, allowing the Federal Power 
Commission authority to supervise 
power projects on non-navigable 
rivers. This legal battle has been 
on for about a year and was a 
challenge to the Commission auth- 
ority, which brought up the ques- 
tion of the constitutionality of 
the recapture provisions of the 
federal power act and the validity 
of the commission’s findings on its 
authority to control the company’s 
$11,000,000 project on the New 
River in Virginia. This river 
empties into Kanawha River, which 
is a navigable river. The Commis- 
sion indicated that it was willing 
to grant the Power company a lim- 
ited license providing the govern- 
ment might recapture the project 
at the end of 50 yr. The license 
provided for a control of the costs 
of construction and supervision 
over power, light and general rates 
that the company should charge. 


Willard Elected U. of I. 
President 


Arruur Currs WiLuarp, Acting 
Dean of the College of Engineer- 
ing of the University of Illinois, 
has been chosen as president of 
that institution to take office on 
July 1. Mr. Willard is a graduate 
of the Massachusetts Institute of 
Technology, and with wide expe- 
rience as a consulting engineer, 
particularly in the heating and 
ventilating field, entered the fac- 
ulty of the university in 1913 as 
assistant professor of the depart- 
ment of mechanical engineering. 
Since that time he advanced to the 
position of acting dean of the col- 
lege of engineering. Mr. Willard 
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has written many articles and so- 
ciety papers and with L. A. Hard- 
ing as co-author has written sev- 
eral editions of their book entitled 
Mechanical Equipment of Build- 
ings. 


Robins Acquires Mead- 
Morrison Co. 


ANNOUNCEMENT is made by the 
Robins Conveying Belt Co., of New 
York City, that it has acquired the 
coal and ore handling business of 
the Mead-Morrison Manufacturing 
Co., of Boston, which will be oper- 
ated in the future as the Mead- 
Morrison Division of Robins Con- 
veying Belt Co. 

Both of these companies are 
well known in the materials han- 
dling field, the Robins Co. having 
been a pioneer in the development 
of the belt conveyor and Mead- 
Morrison the use of grab buckets 
for unloading coal and ore from 
vessels. 

This consolidation gives to the 
Robins Co. a complete line of mate- 
rial handling machinery, including 
Mead-Morrison unloading towers, 
stocking and reclaiming bridges, 
pivoted bucket carriers, cableways, 
and car and barge hauling equip- 
ment, in addition to the Robins belt 
conveyors, crushers, screens, skip 
hoists and other units. 


Lamme Medal Awarded 
to Lewis B. Stillwell 


Tue 1933 Lammue Mepat of the 
American Institute of Electrical 
Engineers has been awarded to Dr. 
Lewis B. Stillwell, New York, 
N. Y., ‘‘for his distinguished 
career in connection with the de- 
sign, installation, and operation of 
electrical machinery and equip- 
ment’’, and will be presented at 
the Summer Convention of the In- 
stitute, which is to be held at Hot 
Springs, Va., June 25-29, 1934. 

Lewis Buckley Stillwell, consult- 
ing engineer, New York, N. Y., was 
born in Scranton, Pa., March 12, 
1863. He was a student in the 
Latin-Scientific course at Wesleyan 
University, Middletown, Conn., 
1882-84, and took a special course 
in electrical engineering at Lehigh 
University, Bethlehem, Pa. His 
degrees are: E. E., Lehigh Univer- 
sity, 1885; M.S., 1907; D. Se., 1914; 
and Se.D., Wesleyan University, 
1907. ' 

From October, 1886, to April, 
1891, he was employed as assistant 
electrician of the Westinghouse 
Electric & Manufacturing Co., and 
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served as chief electrical engineer 
of that company from 1891 to 1897. 

He was an outstanding leader 
in the development of alternating 
current, and had an active part in 
the determination of Westinghouse 
policy with respect to system devel- 
opment engineering and the estab- 
lishment of 60 and 30 cycles as 
standard frequencies. 

His contributions, as Westing- 
house engineer, to the general lay- 
out and design of the first plant of 
the Niagara Falls Power Co., led 
to his appointment as electrical di- 
rector of the latter company, 
which position he held from 1897 
to 1900. 

Mr. Stillwell began his prac- 
tice as a consulting engineer in 
New York City in 1900, and has 
filled engagements with many com- 
panies on large and important en- 
gineering projects. 


Frank R. Wheeler 


Frank R. WHEELER, prominent 
figure in the power plant industry 
as a specialist in condenser and 
heat transfer equipment for over 
thirty years, died at his home in 



















Chicago on March Ist. He gradu- 
ated from Stanford University in 
1902, and following four years’ 
general engineering experience as 
Vice-President of the Tracy Manu- 
facturing Co. of California, he be- 
came Pacific Coast Manager of the 
C. H. Wheeler Mfg. Co., and in 
1910 Chicago District Manager. In 
1928 he left Chicago to become 
Manager of the Condenser and 
- Heater Departments of the Elliott 
Co. in Pittsburgh and in 1932 re- 
turned to Chicago as Special Mid- 
dlewestern Representative of the 
Worthington Pump & Machinery 
Corporation. At the time of his 
death he was engaged in consult- 
ing practice. He belonged to the 


University Clubs of Chicago and 
San Francisco, Engineers Club of 
New York and A.S.M.E. 
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News From the Field 


Wizpur G. Hupson has been appointed 
Chief Engineer of Link-Belt Co.’s Persh- 
ing Road Plant in Chicago. Mr. Hudson, 
after graduating from Cornell, entered 
the employ of Link-Belt Co. at Phila- 
delphia, as a draftsman. Later he did 
special development work under the direc- 
tion of James Mapes Dodge, and subse- 
quently was appointed General Superin- 
tendent of Erection. In 1908 he joined 
the Guarantee Construction Co, New 
York, as Vice-President. Later he be- 
came President of Wilbur G. Hudson 
Corporation. Outside of his work in ma- 
terials handling, Mr. Hudson has also 
been Vice-President and Chief Engineer 
of the Curtiss-Wright Airport Corpora- 
tion, in charge of the design and construc- 
tion of their airports. 

THE HAGAN CorporATION, Pittsburgh, 
Penna., announces the appointment of E. 
W. Wagenseil to the newly created posi- 
tion of General Sales Manager of the 
Hagan Corporation and its subsidiaries— 
The Buromin Co., Hall Laboratories, Inc., 
and Calgon, Inc. The latter company has 
just been organized to market Calgon 
products. Mr. Wagenseil was engaged in 
sales and engineering work in the stoker 
field for many years before taking charge 
of Air Preheater Sales for Blaw-Knox 
Co. in 1927. Two years ago, Mr. Wagen- 
seil left Blaw-Knox Co. to join the Sales 
Department of Hagan Corporation, han- 
dling combustion control and boiler water 
conditioning. 

H. D. JAMEs, control expert and long 
a consulting engineer of the Westing- 
house Electric & Mfg. Co., has opened 
an engineering consulting service, special- 
izing in industrial and building problems, 
with offices in the Gulf Building, Pitts- 
burgh, Penna. For manufacturers without 
technical staffs, the organization offers 
technical information, assistance in pur- 
chasing where engineering questions are 
involved, cost analysis, and design of 
equipment. Experienced engineers work- 
ing under Mr, James’ personal supervision 
are available for special assignments, in- 
cluding electronic and air conditioning 
applications. 


DETERMINATION OF CARBONATE, PHos- 
PHATE AND HypDROXIDE IN BoILER WATERS. 
By E. P. Partridge and W. C. Schroeder. 
Published by the American Society of 
Mechanical Engineers, 29 W. 39th St., 
New York, 8 by 10% in., paper bound, 
96 pages. Price, $2.00. 

Reports of research results published 
as a progress report by the subcommittee 
on water analysis of the joint research 
committee on boiler feedwater studies. 
Laboratory procedure for the determina- 
tion of carbonate, phosphate and hy- 
droxide is given in considerable detail, 
together with report of the research work 


‘and an extensive bibliography. 


PATENT APPLICATIONS. By Charles W. 
Rivide. Published by The Michie Co., 
Charlottesville, Va. Size 6 by 9 in., cloth, 
397 pp. plus 87 pp. of index. Price, $7.00 

It is unusual to find a book on this 
subject dealing with details and written 
in such language that it is readily under- 
standable to the average reader yet of 





For the Engineer’s Library 


THE Bascock & Witcox TuseE Co, an- 
nounces that the territory served by its 
Tulsa Sales Office, managed by C. J. 
Hochenauer, has been enlarged to include 
the State of Oklahoma and the Southern 
half of Kansas. 


Garpner C. Derry, who has been sales 
manager of the power division for the 
B. F. Sturtevant Co., Boston, Mass., has 
been elected vice president of this com- 
pany. 


F, E. Harrett has been made Assis- 
tant Chief Engineer of the Reliance Elec- 
tric & Engineering Company, Cleveland, 
manufacturers of electric motors. Mr. 
Harrell joined the Reliance organization 
upon graduation from Purdue University 
in 1924. Following sales engineering work 
in Chicago he returned to Cleveland as 
special engineer for steel-mill motor ap- 
plications. He has since been Chief 
Draftsman and Engineer in Charge of 
A-C Design. 


J. L. Van Nort is now with the Chi- 
cago Office of the Reliance Electric & 
Engineering Company as a sales engineer. 
Previously Mr. Van Nort has represented 
the Reliance Company in the New Eng- 
land and Cincinnati Districts. 


BrapsHAW & Co., Pittsburgh, Penna., 
has been appointed representative for the 
DeWolf Furnace Corp, of Rochester, New 
York, to handle its products in Western 
Pennsylvania, Eastern Ohio and all of 
West Virginia. 


Wa ter D’Arcy Ryan, famous Gen- 
eral Electric illuminating engineer, re- 
garded as the man who first made artifi- 
cial illumination both a science and an art, 
died at his home in Schenectady, March 
14, of heart trouble. He was first stricken 
last summer while occupied at the Cen- 
tury of Progress Exposition at Chicago 
as director of lighting. Although he re- 
covered from earlier attacks of ‘the dis- 
ease, a blood clot complicated his condi- 
tion when he suffered another attack. 





value to the practicing lawyer. This book 
does that by dealing with fundamental 
principles illustrated by well chosen illus- 
trations. “Technical men as a general rule 
do not have sufficient familiarity with the 
principles of patent law to be able to de- 
termine for themselves with any degree 
of certainty whether their creations are 
of a patentable value,” says the author. 
Undoubtedly that is true and probably as 
much money is wasted on useless patents 
as is lost through failure to patent ideas. 
To those interested in creative work of 
any kind the book should be invaluable, 
to others the working of this important 
branch of our government should be of 
interest. It is said that the inventing bug 
bites everyone at least once so prepared- 
ness is not altogether out of place. 


Borter REFERENCE Book. Published by 
John S. Swift Co., Inc., 105 S. 9th St, 
St. Louis, Mo. 5% by 8 in, 400 pp. 
Paper bound. Price, $1.00. 

A compact compilation of boiler data 
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covering heating boilers manufactured by 
some 35 manufacturers, Information in- 
cludes heating surface, grate area, manu- 
facturer’s rating and in many cases data 
regarding the probable efficiency, required 
draft, chimney size etc. It is intended as 
an information book for oil burner, 
stoker and gas burner salesmen, archi- 
tects, engineers, inspectors and the build- 
ing trade in general. 


Butietin No. 259, “Oscillations due 
to Ionization in Dielectrics and Methods 
of Detection and Measurement,” by J. T. 
Tykociner, H. A. Brown and E. B. Paine, 
and Bulletin No. 260, “Investigation of 
Cable Ionization Characteristics with Dis- 
charge Detection Bridge,” by H. A. 
Brown, J. T. Tykociner, and E, B. Paine, 
have been issued by the Engineering Ex- 
periment Station of the University of 
Illinois. 

The principal aim of the investigation 
described in Bulletin No. 259, “Oscilla- 
tions Due to Ionization in Dielectrics and 
Methods of Detection and Measurement,” 
by J. T. Tykociner, H. A. Brown, and 
E. B. Paine, and No. 260, “Investigation 
of Cable Ionization Characteristics with 
Discharge Detection Bridge,” by H. A. 
Brown, J. T. Tykociner, and E. B. Paine, 
of the Engineering Experiment Station 
of the University of Illinois was to de- 
velop a rational method of testing in- 
sulation as an aid to engineering prac- 
tice in the manufacture and operation of 
cables. 

It is known from every-day engi- 
neering experience that condensers and 
cables break down under the stress of 
high potentials and that the Breakdown is 
caused by the deterioration of the insul- 
ating properties of dielectrics. Such de- 
terioration occurs as the result of cumu- 
lative action of ionization in gaseous films 
and bubbles embedded within dielectrics. 
The degree to which a dielectric may be 
freed from such inhomogeneities would 
depend largely on the possibility of deter- 
mining the starting point and intensity of 
ionization. It is necessary, therefore, to 
find reliable methods of detecting and 
measuring ionization in dielectrics, 

In Bulletin No. 259 a general discus- 
sion of the principle is given, and of its 
application to the testing of cable in- 
sulation, followed by a description of 
some of the methods and devices devel- 
oped for the detection of ionization. Bul- 
letin No, 260, as its title indicates, deals 
with the investigation of ionization in 
cables by means of one of these devices, 
the discharge-detection bridge. 

For a limited time copies of Bulletins 
Nos. 259 and 260 may be obtained with- 
out charge by addressing the Engineering 
Experiment Station, Urbana, Illinois. 


WortHINGTON Pump & MAcHINERY 
Corp., Harrison, N. J., has just issued a 
bulletin on the Type UB Worthington 
centrifugal pumps of the two-stage volute 
type, which contains illustrations and 
specifications for these units. 


_ THE Borven Co., Warren, O., has just 
issued its Catalog No. 34, dealing with 
The Modernized Line of Beaver Pipe 
Tools, This not only illustrates and de- 
scribes the various tools but gives prices, 
sizes and weights as well. 


Morris MAcHINE Works, Baldwins- 
ville, N. Y., describes in a new bulletin 
the company’s double-suction, horizontal- 
ly-split centrifugal .pumps, and outlines 
the important advances in design which 
have taken place in the past few years. 
The book also gives precautions that 
should be taken in the installation and 
operation of centrifugal pumps and diag- 


noses the most common causes of service 
interruption. 

INGERSOLL-RAND Co., New York City, 
has recently issued two bulletins, one des- 
ignated as No. 2070 dealing with the Cam- 
eron Motorpump which is a complete 
pumping unit with built-in electric motor 
and pump rotor on the same shaft; the 
other designated as bulletin No. 2078 is 
entitled “Modern Boiler Feed Pumps for 
pressures up to 600 Ib.” and describes the 
Cameron type NT multi-stage centrifugal 
pumps, a feature of which is that the 
hydraulic balance is obtained by placing 
an equal number of impellers back to 
back, 

VicILANT FEEDWATER REGULATOR and 
other steam specialties made by The 
Chaplin-Fulton Manufacturing Co., Pitts- 
burgh, Penna., are represented in a new, 
clearly written, completely illustrated and 
well-arranged catalog of 60 pages just 
offered for distribution. The new cata- 
log directs attention to the long history 
and established reputation of the firm, 
which was organized in 1884. 


INGERSOLL-RAND Co, New York, 
briefly describes two forms of water- 
vapor refrigeration apparatus, the Steam- 
Jet Refrigeration Unit and the Centrifu- 
gal Water-Vapor Unit, in its bulletin No. 
2083 recently issued. Both accomplish the 
same purpose, viz., the cooling of a large 
quantity of water by the evaporation, in 
a high vacuum, of a small portion of 
the water. 

Tue Louis Atiis Co., Milwaukee, 
Wis., has just published two new con- 
verter bulletins. Bulletin No. 509-A com- 
pletely illustrates and describes construc- 
tion, operation and uses of various types 
of Frequency Converters. Bulletin No. 
502-B illustrates and describes Inverted 
Rotary Converters. 

Biaw-Knox Co., Pittsburgh, Pa., has 
recently issued two bulletins, one entitled 
“Blaw-Knox Desuperheaters” and _ the 
other “Blaw-Knox Contactors.” These 
bulletins illustrate and describe the com- 
pany’s products that go under these names 
and point to the uses for which they are 
applicable. 

FreyNn pESIGN, No. 11, issued March, 
1934, by the Freyn Engineering Co. of 
Chicago, contains several articles of in- 
terest to steel mill engineers. This pub- 
lication will be sent gratis to readers 
interested in this field.. 

PyYRANOLS, COOLING and insulating ma- 
trials which have, in addition to the de- 
sirable characteristics of mineral oil, the 
distinctive properties of being nonin- 
flammable and nonexplosive, are de- 
scribed in General Electric’s new Bulle- 
tin GEA-1886. Approximately 75,000 kv- 
a. of Pyranol capacitors and transform- 
ers are in service. 

ALLIs-CHALMERS Mre. Co., Milwaukee, 
Wisconsin has recently issued bulletin No. 
149-A “Equipment for the Modern Brew- 
ery and Malt House,” which is a revision 
of a previous bulletin on this subject. It 
describes equipment for the power, elec- 
trical, pumping and other requirements of 
the brewing industry. 


Atiis-CHALMERS Mrc. Co. has pub- 
lished a new bulletin No. 1165 illustrating 
and describing its line of Bracket Bear- 
ing Synchronous Motors. In addition to 
the standard line of motors for general 
requirements, including exciters, control 
equipment, etc., the bulletin also treats 
motors with special features of construc- 
tion, such as anti-friction bearings, en- 
closed collector rings, splash-proof type, 
enclosed fan-cooled type, and vertical mo- 
tors. 
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It contains a discussion of use of the 
synchronous motor for improvement of 
power factor with examples applying the 
graphical method for figuring power fac- 
tor corrections, 


A NEW CATALOG covering the com- 
plete line of oil circuit breakers up to 
50,000 kv-a. has recently been issued by 
the Westinghouse Electric and Manufac- 
turing Company. Included are tables 
which give the proper type of breaker, in- 
door, outdoor, or subway for any kv-a. 
needed. Also, a complete table of con- 
tents, with reference to specific sections 
for each type of breaker is included. 


A 32-pace illustrated publication, en- 
titled Westinghouse In the World of 
Lighting, has recently been issued by the 
Westinghouse Electric and Manufacturing 
Company. Outstanding developments in 
illumination are illustrated some of the 
most outstanding installations reaching a 
climax with the lighting of the Century 
of Progress. Floodlighting, bridge and 
street lighting, signs, commercial light- 
ing, industrial lighting, aviation field 
lighting, fountain lighting, swimming 
pool and stadium lighting and home 
lighting are illustrated. ‘ 


AN ILLUSTRATED 28-page bulletin de- 
scribing welding equipment and applica- 
tions of welding in the construction fields 
has been published by the Westinghouse 
Electric and Manufacturing Company. 
Many typical and outstanding construc- 
tion jobs are shown. Also, endorse- 
ments of some leading structural engi- 
neers are included. 


AN ILLUSTRATED 4-page leaflet entitled, 
Ignitron Welding Timer for Spot Weld- 
ing, has recently been issued by the West- 
inghouse Electric and Manufacturing 
Company. This radically new and im- 
proved electronic controller is suitable for 
use in spot welding production work for 
joining all types and forms of materials. 
The distinctive: features, construction, 
operation, and application are described. 


WESTINGHOUSE two wire visicode and 
audicode supervisory control are fully de- 
scribed in a 10-page publication released 
by the Westinghouse Electric and Manu- 
facturing Company. This simplified and 
sure means of obtaining remote indica- 
tion of apparatus units is especially ap- 
plicable for railway, railroad, central sta- 
tion, substation, and oil and gas pump line 
operation. 


THREE NEW PUBLICATIONS describing 
thesnew line of Westinghouse fractional 
horsepower motors have been released. 
Many improvements over preceding de- 
signs have been incorporated making the 
motors more efficient and trouble free. 
Leaflet 20606 describes type FS polyphase 
squirrel cage motors for all voltages and 
frequencies, two and three-phase, % to 4% 
hp. ratings. Leaflet 20604 describes type 
FR repulsion start induction motors for 
high torque, constant speed service. They ~ 
are rated for single phase, 110 and 220 v., 
¥% to % hp. service. Leaflet 20605 de- 
scribes the type FK direct current motors 
for shunt compound and series wound 
service. They are rated for 32, 115 and 
230 v., 1/30 to 3%4 hp. service. 


Tue Hays Corp., Michigan City, Ind., 
has recently issued its catalog RA-34 
which deals with Hays combustion re- 
corders, giving rather full- and detailed 
descriptions of the various instruments 
made by this corporation, and illustrating 
the catalog thoroughly with half-tones 
and line drawings. 
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Power Plant Construction News 


Ala., Russellville—Common Council 
is planning construction of new muni- 
cipal electric light and power plant, 
estimated to cost $148,000. Fund is be- 
ing arranged through Federal aid. It is 
proposed to begin work in near future. 

Calif., Santa Monica—Douglas Air- 
craft Co., 3000 Ocean Park Boulevard, 
plans installation of electric power 
equipment in new one-story addition, 
125x300 ft., to cost about $70,000. S. B. 
Barnes, 803 West Third Street, Los 
Angeles, is consulting engineer. 

Colo., Fort Morgan — City Council 
plans extensions and improvements in 
municipal electric light and power plant, 
with installation of new turbo-generator 
unit. Fund of $75,000 is being arranged. 
George Cox, city superintendent, is in 
charge. 

Ind., Indianapolis — A central steam 
power station will be installed in new 
eight-story department store to be con- 
structed by William H. Block Co., 50 
North Illinois Street, on adjoining site. 
It will cost about $1,000,000. Work is 
scheduled to begin soon. Vonnegut, 
Bohn & Mueller, Indiana Trust Build- 
ing, are architects. 

Iowa, Manning—Town Council has 
plans maturing for a new municipal 
electric light and power plant to cost 
about $135,000, with equipment. Fed- 
eral aid in that amount is being ar- 
ranged. Burns & McDonnell Engineer- 
ing Co., 107 West Linwood Boulevard, 
Kansas City, Mo., is consulting engi- 
neer. 

Ky., Corbin—Corbin Brewing & Ice 
Co., recently organized, plans construc- 


tion of one-story ice-manufacturing 
plant and boiler house, in connection 
with new local brewery. Complete 


brew house machinery will be installed. 
Entire project wili cost over $150,000, 
with machinery. Ewing Wilder, Corbin, 
is president. 

Ky., Stamping Ground — Buffalo 
Springs Distilling Co. plans one-story 
steam power house at proposed new 
local distilling plant. Electric power 
equipment will be installed for distillery 
service. Entire program will cost about 
$150,000. Walter C. Wagner, Breslin 
Building, Louisville, Ky., is architect. 

Md., Baltimore—American Oil Co., 
American Building, is considering con- 
struction of new bulk oil storage and 
distributing plant in Curtis Bay dis- 
trict, consisting of main three-story 
unit, 100x150 ft., tanks, pumping ma- 
chinery and ee + > gaa Esti- 
mated cost over $50 ,000. Company 
engineering department, in charge. 

Minn., Ely—City Council will have 
plans completed early in the spring for 
a new municipal electric light and 
power plant, for which financing in 
amout of $1,700,000 is being carried out 
through Federal aid. Frederick C. 
Perry, Columbia Building, Duluth, 
Minn., is consulting engineer. 

Mo., Kansas City—Hirsch Distilling 
Co; 401 Delaware Street, plans installa- 
tion of electric power equipment in 
connection with an expansion and im- 
provement program in three-story plant 
unit, 30x125 ft. Program will cost 
about $65,000. Mid-West Engineering 
Co., 3400 Troost Avenue, is consulting 
engineer. 

Mo., La Plata—Common Council is 
arranging fund of $100,000, through 
Federal loan and grant, and bond issue, 
for a proposed municipal electric light 
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and power plant, using Diesel engine 
generator units and municipal electrical 
distributing system. A special election 
has been called March 27 to approve 
program. E, T. Archer & Company, 
New England Building, Kansas City, 
Mo., consulting engineers. 


Mo., St. Louis—Adolph Busch, Inc., 
1109 Title Guarantee Building, Adolph 
Busch, president, recently organized, 
plans construction of boiler plant at pro- 
posed new brewery at Broadway and 
Catalan Street. Electric power equip- 
ment will be installed for brewing serv- 
ice. Entire project will cost close to 
$400,000. George E. Wells, Inc., Se- 
curity Building, consulting engineer. 

Mont., Lewistown — Lewistown 
Brewing Co., Gustave Hodel, president, 
recently organized, plans installation of 
electric power equipment, brewhouse 
and bottling machinery, etc., in connec- 
tion with expansion and improvement 
program at local brewery, estimated to 
cost about $65,000 

N. J., Clifton— Standard Textile 
Products Co., 60 Clifton Boulevard, 
plans installation of electric power equip- 
ment in connection with rebuilding of 
local paint processing plant, recently 
damaged by fire, with loss reported at 
$25,000. 

N. J., Jersey City—A central steam 
power station will be installed in pro- 
posed new Hall of Records to be con- 
structed by the Board of Hudson County 
Freeholders, estimated to cost about 
$4,000,000. Financing in that amount 
will soon be arranged. John T. Row- 
land, 30 Journal Square, is architect. 

N. J., Sayreville—Titanium Pigment 
Co., Inc., 111 Broadway, New York, a 
subsidiary of National Lead Co., same 
address, plans one-story steam power 
house at proposed new multi-unit plant 
at Sayreville, near Perth Amboy, N. J., 
where negotiations are under way for 
purchase of tract of about 400 acres of 
lands. New plant will be used for pro- 
duction of paint pigments, etc.. Elec- 
tric power equipment will be installed 
for operation. Entire project will cost 
over $1,500,000. Company engineering 
department is in charge. 

N. J., South Amboy—Board of Pub- 
lic Works is planning installation of 
electric pumping machinery and auxil- 
iary equipment at municipal water plant 
for increased capacity. Fund is being 
arranged for program. 

N. J., Whippany—Dependable Insu- 
lation & Cork Co., Malapardis district, 
Hanover Township, near Whippany, 
plans installation of power equipment in 
connection with rebuilding of portion of 
plant, recently destroyed by fire. Loss 
about $27,000. 

N. Y., Syracuse—International Har- 
vester Co., 210 Teall Avenue, plans in- 
stallation of motors and other electric 
power equipment in new one-story ad- 
dition to local agricultural equipment 
manufacturing plant. It will cost over 
$100,000. Headquarters of company are 
at Harrison and Michigan Avenues, Chi- 
cago, Ill. 

Y., Tonawanda—Eastern States 
Milling Corporation, Ontario Street and 
Cloverdale Road, plans installation of 
electric power equipment, elevating and 
conveying machinery, etc. in new 


1,000,000-bushel capacity grain elevator. 
A building permit has been issued for 
unit. It will cost about $300,000. 

. C., Hickory— Walton Knitting 
Mill has plans for new one-story boiler 
plant in connection with new mill unit, 
36 x 140 ft. Entire project will cost 
close to $30,000. 

Ohio, Columbus—Farmers’ Fertilizer 
Co. plans installation of power equip- 
ment in connection with proposed re- 
building of portion of local commercial 
fertilizer mill, recently destroyed by fire. 
Loss reported at $100,000 

Okla., Cushing—At a special election, 
citizens have authorized construction of 
a new municipal electric light and power 
plant to cost $280,000, with equipment. 
It is proposed to begin work on project 
at early date. Financing has been ar- 
ranged. 

Ont., East London— Hunt’s Flour 
Mills, Ltd., plans installation of electric 
power equipment, elevating and other 
machinery in connection with proposed 
rebuilding of portion of plant, recently 
destroyed by fire. Entire loss reported 
over $200,000. 

Ore., Portland—General Grocery Co., 
2 North First Street, plans installation 
of electric motors, conveyors, elevators 
and other mechanical handling equip- 
ment in new three-story storage and 
distribution plant on Ash Street. En- 
tire project will cost over $200,000. 
Work will soon begin. Sutton, Whit- 
ney & Anndahl, Lewis Building, city, 
are architects. 

Pa., Allentown — Neuwiler Brewing 
Co., Allentown, plans installation of 
power equipment in new bottling plant 
addition to plant. Entire project will 
cost close to °$40,000. Clarence E. 
Wunder, Architects’ Building, Philadel- 
phia, Pa., is architect. 

Pa., Bristol—Rohm & Haas Co., 222 
West Washington Square, Philadelphia, 
plans installation of electric power 
equipment in new three-story addition 
to chemical works at Bristol. Proposed 
to begin superstructure at once. Cost 
about $45,000, with equipment. 

R. I, Westerly — Joseph Coduri 
Granite Works, Inc., Westerly, plans in- 
stallation of electric power equipment 
in connection with proposed rebuilding 
of portion of plant, recently destroyed 
by fire. Loss over $70, 

S. C., Rock Hill—Common Council 
has preliminary plans under way for 
new municipal electric light and power 
plant, with initial capacity of 4,000 kw., 
using either steam or Diesel engine-gen- 
erator units. A fund of $529,000 is be- 
ing arranged for program through Fed- 
eral aid. 


Texas, McLean—Smith Brothers Re- 
atte Co., McLean, plans construction 


f new carbon black and gasoline plant 
in Wheeler County district, with air 
compressors and operating equipment to 
provide for capacity of about 75,000,000 
cu. ft. natural gas per day. Entire pro- 
ject is reported to cost over $250,000. 

Texas, Port Arthur — Texaco Can 
Co., a subsidiary of Texas Co., Houston 
and Port Arthur, plans installation of 
electric power equipment in connection 
with an expansion program at can- 
manufacturing pos. Entire project 
will cost over $45,000 
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